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INTRODUCTION 
The taxomony of mycoplasmas is based upon serology because these 
organisms cannot be adequately differentiated by their biochemical charac­
teristics. Avian mycoplasma have been classified into eight or ten sero­
types. Serological differentiations are not as distinct as one would hope 
for, and thus there will probably always be some confusion in identifying 
organisms. Since different serological tests involve different antigens 
the relationships between organisms are not always the same by different 
tests. The nucleic acids of some mycoplasma strains have been compared by 
DNA-DNA or DNA-RNA hybridizations. These tests usually correlate with the 
serological tests and help to confirm the serological classification. 
The purpose of this research was to study two serotypes (C-0 and D-P) 
of avian mycoplasma which had been shown to be related by complement fixa­
tion (CF) tests (Frey et al., 1972). The CF tests were repeated and fluo­
rescent antibody (FA) tests were done on the eleven strains of C-0 sero­
type and the nine strains of D-P serotype. DNA-DNA hybridization tests 
were then performed on four strains of each serotype. Frey et al. (1972) 
proposed that the C-0 and D-P serotypes could be combined into a serogroup 
and that the B and E-G serotypes could be combined into a serogroup also. 
The validity of such groupings is discussed, based on the results of the 
DNA homology tests. 
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LITERATURE REVIEW 
Serological Classification of Avian Mycoplasma 
History 
Mycoplasmas were isolated as the causative agents of chronic respira­
tory disease (CRD) of chickens and sinusitis of turkeys in the 1950's 
(Markham and Wong, 1952). At that time they were known as pleuropneu-
monia-like organisms (PPLO) because they were similar to the agent which 
caused contagious bovine pleuropneumonia (CBPP) (Edward and Freundt, 
1969). These organisms lacked a cell wall, required serum for growth, 
were filterable, and were therefore thought to be more closely related to 
viruses than to bacteria. Edward and Freundt (1955) placed all the PPLO's 
into one genus which they named Mycoplasma meaning pliable skin. This 
genus was placed in the order Mycoplasmatales and the class Schizomycetes 
along with the other bacteria in the 7th edition of Bergey's Manual of 
Determinative Bacteriology (1957). At that time there were only fifteen 
mycoplasma species listed and only one avian species — the nonpathogen 
M. gallinarum. Edward and Kanarek (1950) named the pathogenic species 
which causes air sacculitis in turkeys M. gallisepticum. Another pathogen 
causing air sacculitis was named M. meleagridis by Yamamoto and Adler 
(1958). At the present time there are six avian mycoplasma species and 
one avian acholeplasma species, M. gallisepticum, M. gallinarum, 
meleagridis, ^ synoviae, ^ iners, anatis, and ^ laidlawii. The 
mycoplasmas are now considered a separate class of organisms, the 
Mollicutes, and there is one order Mycoplasmatales divided into two fami­
lies Mycoplasmataceae and Acholeplasmataceae (Freundt, 1974). 
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The early avian mycoplasma isolates were considered to be of the same 
serotype (White et al., 1954). However, as more isolations were made, the 
organisms were differentiated into serotypes. Yamamoto and Adler (1958) 
designated five serotypes which they called I-V. Kleckner (1960) called 
these serotypes A, C, E, G, and H and added three more — B, C, and G. 
The pathogens fell into group A (M. gallisepticum) and did not cross 
agglutinate with the other serotypes. M. iners was a nonpathogen in sero­
type G, and M. meleagridis was serotype H. By tube agglutination reac­
tions serotypes B and C cross reacted with each other and with serotypes 
D and G. Kelton and Van Roekel (1963) tested the strains of Kleckner by 
growth inhibition (GI) as well as by tube agglutination tests. They found 
cross reactions between various serotypes, but serotype A remained dis­
tinct. The two tests did not correlate completely, and so they felt both 
tests were necessary to properly identify isolates. The production of 
growth inhibiting antiserum required more injections to produce than 
agglutinating antiserum and they considered it to be a more reliable 
antiserum. 
The number of serotypes continually increased as more workers iso­
lated mycoplasma from poultry. Various laboratories employed different 
serological tests and found numerous cross reactions between certain 
strains of different serotypes. A brief survey of the results of these 
investigators will be made to convince the reader of the complexity of the 
classification and the contradictions which occurred in the literature, 
due largely to the use of different serological tests and different repre­
sentative strains of each serotype. 
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Yoder and Hofstad (1964) classified ninety-eight new isolates into 
the scheme of Kleckner using the tube agglutination test. They found four 
new serotypes, I, J, K, and L, bringing the number to twelve. They also 
characterized their isolates biochemically (carbohydrate fermentation, 
tetrazolium reduction, hemagglutination, hemolysis) and morphologically 
(colony size and appearance). Not all strains of one serotype had the 
same biochemical characteristics. Yoder and Hofstad observed cross reac­
tions between strains of different serotypes, most notably between those 
of serotypes E and G. 
The classification was extended to nineteen serotypes by Dierks 
et al. (1967) using two-hundred and seventy-six organisms. The new sero­
types were designated M, N, 0, P, Q, R, and S. Serotype S was represented 
by the causative agent of synovitis. Fabricant (1960) had designated this 
organism as serologically distinct. Dierks and coworkers found a relation­
ship between a B and an M strain and these serotypes were later combined 
and the serotype M eliminated. They found a strain of serotype E and a 
strain of serotype G which cross reacted, as Yoder and Hofstad had found. 
These two serotypes have since been combined and are called E-G (Sabry, 
1968, Barber and Fabricant, 1971c). Several other serotypes (C, 0, and P) 
appeared to be related by plate agglutination tests but not by growth 
inhibition. In pathogenicity studies, only strains of serotypes A and H 
produced moderate to severe air sacculitis -- although some C, E, J, and Q 
strains produced mild lesions. 
Present classification 
By 1967 there were nineteen serotypes and six named species of avian 
mycoplasma and one avian acholeplasma species. The acholeplasma and the 
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duck strain M. anatis had no serotype designation. The studies which 
followed were concerned with consolidating serotypes rather than extending 
them. Sabry (1968) used agar gel precipitation tests and found that 
several of the serotypes could be grouped together forming twelve groups. 
Barber and Fabricant (1971c) using metabolic inhibition tests found the 
same twelve groups which were A, B, C-0, D-P, E-G, F, H, L, I-J-K-N-Q-R, 
and S plus ^ anatis and ^ laidlawii var. inocuum. M. anatis was related 
to strains of serotype B. Barber (1969) did extensive studies on the bio­
chemical characteristics of these serotypes. Barber and Fabricant (1971a, 
1971b) felt that biochemical tests were a rapid means of detecting mixed 
cultures and of grouping mycoplasmas prior to identifying them more defi­
nitively by serological methods. Barber tested all the organisms used in 
this thesis study except for strain 859. The serotypes C-0 and D-P could 
not be distinguished biochemically because there was too much variability 
within one serotype. All the strains fermented dextrose but were variable 
in fermentation of other sugars, temperature and pH toleration, tetrazol-
ium reduction, film and spots production, and growth in sodium chloride. 
Several other investigators confirmed the sero groupings of Barber 
and Fabricant. Aycardi et al. (1971) used some of the strains that Dierks 
(Dierks et al-, 1967) and Yoder and Hofstad (1964) had tested and found by 
disc growth inhibition tests that IJKNQR and OP were related. By immuno­
diffusion tests which are less specific they found COOP to all be related. 
Frey et al. (1972) obtained strains of all the serotypes from J. 
Fabricant and compared them by microcomplement fixation tests. They found 
that IJKNQR, COOP, and BEG were related. They suggested a serogroup of 
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CODP and a serogroup of BEG. The BEG group includes two named species, 
M. iners (G) and M. qallinarum (B) which makes the formation of this group 
difficult from a taxonomic standpoint. Frey sent some of the strains to 
Shimizu (Shimizu et al., 1971) and Asnani and Agarwal (1974) who performed 
growth inhibition tests and found some cross inhibition among the CODP 
strains but no inhibition between B and E-G strains. 
The classification of avian mycoplasma at the present time consists 
of a maximum of twelve antigenic groups according to the scheme of Sabry 
(1968) and Barber and Fabricant (1971c) or a minimum of ten antigenic 
groups according to the scheme of Frey and coworkers (Frey et al., 1972). 
To my knowledge the Board of the FAO-WHO Programme on Comparative Myco-
plasmaology has not ruled that any particular serological classification 
scheme be used (WHO/FAO, 1974). 
Evaluation of the serological classification 
As can be seen from the development of the classification of avian 
mycoplasma, there are many serological tests which can be employed. The 
problem of basing a classification scheme upon these tests is that each 
one involves different antigens. The tests which are most specific, that 
is, show fewer cross reactions, are growth inhibition (GI) and metabolic 
inhibition (MI). The production of GI and MI antisera requires more 
inoculations and the sera may lose their activity upon storage for several 
months (Lemcke, 1964). Complement fixation, fluorescent antibody, gel 
diffusion, indirect hemagglutination (IHA), and tube agglutination tests are 
more sensitive, i.e., they reveal antigenic similarities that GI and MI do 
not. Lemcke has analyzed the types of antigens involved in CF, MI, IHA, 
and gel diffusion reactions of M. pneumoniae (Lemcke et al., 1968) and 
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M. hominis (Hollingdale and Lemcke, 1969, Lemcke, 1973). Membrane-bound 
antigens were reactive in MI, GI, and IHA tests, soluble as well as mem­
brane-bound were reactive in CF and FA, while mainly soluble were involved 
in gel diffusion. The CF antigens of M. pneumoniae and M. hominis dif­
fered in that the former contained a lipid hapten and the latter did not. 
The fact that M. pneumoniae is a carbohydrate fermenter and ^ hominis is 
an arginine-utilizer may be significant in this antigenic difference. 
The type of serological test employed for differentiating organisms 
depends on the level at which they are to be distinguished. At the sub­
species level specific tests such as MI and GI are necessary. For 
example, various strains of M. hominis can be distinguished by MI and IHA 
but not by CF (Lemcke, 1973). Interspecies relationships are easier to 
detect by sensitive tests. Most of the human mycoplasmas cross react by 
CF -- M. hominis, N. salivarium, and M. orale types 1 and 2 (Purcell 
et al., 1969). A bovine species M. mycoides, an acholeplasma ^ 
laidlawii, and a human species M. hominis share antigens (Provost et al., 
1967). The carbohydrate fermenters M. canis (dog), M. fermentans (human), 
M. hyorhinis (porcine), M. neurolyticum (murine), and M. pulmonis (murine) 
are related by CF but not by GI or immunodiffusion reactions (Kenny, 
1969). Only M. pneumoniae (human) and M. gallisepticum (avian) always 
remain distinct from other human or avian species. Thirkill and Kenny 
(1974) observed similarities in two dimensional immunoelectrophoresis 
tests among the arginine-utilizing species M. hominis, M. arthritidis, 
M^ gateae, 1;^ gallinarum, and ^ arginini. ^ gallinarum was the most 
distinct. 
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In conclusion, serological methods are not entirely satisfactory in 
establishing the relationships between organisms because different tests 
do not always give comparable results, methods of producing antisera and 
the particular animal in which serum is produced influence the titer and 
specificity of antisera (Lemcke, 1973), and different laboratories compare 
different strains of the same serotypes and so draw different conclusions 
about the relationships between serotypes. Also, reciprocal reactions are 
not generally known because all strains are compared against only one or 
two antisera. The eighth edition of Bergey's Manual of Determinative 
Bacteriology has included data on the guanosine plus cytosine (GC) content 
of the DNA of the organisms plus any DNA homology data available. The 
distinction of species and subspecies of Mollicutes is beginning to rely 
more on this genetic information. For example, M. orale types 1 and 2 
will be separated into two species based on their distinctness in DNA 
hybridization tests (Freundt and Edward, 1971). 
Use of Guanosine plus Cytosine Content in Classification 
Organisms can be compared on the basis of the size and percent 
guanosine plus cytosine (GC) of their DNA. Base composition is a pheno-
typic characteristic which can be considered along with biochemical and 
serological characteristics in studying an organism (Somerson and 
Weissman, 1969). Two organisms which have identical GC content are not 
necessarily identical by DNA-DNA hybridization tests. However, organisms 
which differ widely in % GC are unlikely to be closely related. 
Two methods are commonly employed to determine base composition. 
The first measures the buoyant density of deoxyribonucleic acid (DNA) in a 
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cesium chloride (CsCl) density gradient (Mandel et al., 1968). The second 
method is the measurement of the midpoint temperature of thermal denatura-
tion (Tm) of DNA, or separation of the double stranded DMA into single 
strands (Mandel and Marmur, 1968, Marmur and Doty, 1959). The absorbance 
or optical density of DNA at 260 nm wavelength increases during denatura-
tion, and this hyperchromicity can be recorded on a spectrophotometer. 
The relationship of Tm to GC is represented by the equation GC = (Tm-
69.37) 2.44 where the osmolarity is 0.2M and the pH 7.5. The accuracy of 
the thermal denaturation experiments is ± 0.4°C or 1% GC (Mandel and 
Marmur, 1968). Values in the literature for one organism sometimes differ 
by several % GC from'dîfferent laboratories, especially where two methods 
are used (Neimark, 1967). 
Various parameters of the melting curve can be studied if one con­
siders it as a cumulative frequency distribution of melting points of 
individual molecules of DNA. The shape of the frequency distribution is 
affected by molecules rich in AT or GC pairs. The mean T is the tempera­
ture at which the average molecule denatures whereas Tm is the temperature 
at which half the molecules are denatured (median). A curve which is 
skewed to the left (negative skewness values) contains more molecules or 
segments with areas richer in AT than the average % AT. The AT pairs 
separate at lower temperatures than the GC pairs. The peakedness or 
kurtosis of the frequency distribution depends on how closely the melting 
points fit a normal distribution. A value of 3.0 for kurtosis represents 
a normal distribution. Higher values indicate more homogeneity of the 
molecules. The standard deviation measures the dispersion of the fre­
quencies about the mean. Krieg (1968) compared the melting curves of 
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various species of bacteria from different genera containing a range of GC 
content from 34-67%. The skewness, kurtosis, standard deviation, mean T, 
and Tm were calculated using a computer program of Dr. W. R. Lockhart 
(Krieg, 1968). Krieg found that lower molecular weight DNA (10% versus 
10^ daltons) had a lower Tm and mean T. The skewness was 0.9 to 1.2 for 
all the organisms and the kurtosis was 3.8 to 5.4. Both parameters were 
higher in the organisms with higher % GC. 
The GC content of thirty out of the thirty-six species of mycoplasmas 
and four out of the five acholeplasmas has been determined (Freundt, 
1974). Neimark (1970) published base compositions of almost one hundred 
strains of mycoplasma and acholeplasma, compiled from the literature. The 
values range from 23-40% GC, which is much lower than most bacteria, 36-
70%. The acholeplasmas have slightly higher values, 30-36%. The avian 
strains range from 23-32%. M. pneumoniae is distinct with 40% GC, con­
firming the results of serological tests. M. gallisepticum strains have a 
higher GC ratio than most avian species, 32-36%, and are also antigenical-
ly distinct. Many of the avian strains were tested by Kelton and Mandel 
(1969), and since some of their cultures were later found to be mixed, 
some of their data may not be valid (M. L. Frey, personal communication). 
Frey et al. (1972) found a strong cross reaction between strain HPR-15 (G) 
and B antiserum, but the GC content of HPR-15 according to Kelton and 
Mandel was 24% while that of the B strains was 26-28%. The C strains had 
29-30.5% GC and the D strains 28-28.5% (Kelton and Mandel, 1969). 
The heterogeneity of mycoplasmas was seen in the serological studies 
and now can be seen in the range of GC content. Neimark (1970) tried to 
categorize the mycoplasma according to fermentation of carbohydrate or 
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utilization of arginine and percent GC. He established six groups — 
pneumoniae, sterol nonrequiring (acholeplastna), high GC content (35% and 
below) fermentative, low GC content (23% and above) fermentative, high GC 
nonfermentative, and low GC nonfermentative. The origin of mycoplasma is 
unknown, but it has been firmly established from DNA-DNA homology tests 
that they are not stable L-forms of bacteria (McGee et al., 1967, Neimark, 
1967, Neimark and Pene, 1965, Rogul et al., 1965). 
DNA-DNA Hybridization 
Various techniques 
The measurement of hybridization of single strands of DNA from two 
different organisms is the most accurate single test to determine the 
relationship of those two organisms (Schildkraut et al., 1961). Comple­
mentary sequences 12-15 nucleotides long will anneal at temperatures 25°C 
below the melting point. Either DNA-DNA or DNA-RNA hybrids can be formed 
in vitro. The reaction can occur in solution in which case the hybrids 
are isolated by ultracentrifugation in cesium chloride density gradients 
(Hall and Spiegelman, 1961), on hydroxyapatite (HA) columns (Miyazawa and 
Thomas, 1965) or on nitrocellulose filters (Nygaard and Hall, 1963). 
Alternatively; one of the single-stranded species of DNA can be immobi­
lized on agar columns (Bolton and McCarthy, 1962), on acrylamide gel 
columns (Britten, 1963) or on nitrocellulose filters (Gillespie and 
Spiegelman, 1965). Radioactive fragments of the second species of DNA are 
then incubated with the immobilized DNA. DNA-RNA reactions can utilize 
RNA synthesized in vivo or in vitro. Some of the problems in using RNA 
are that the quantity of transcription of different areas of the genome is 
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variable, errors may occur during transcription, messenger RNA may be 
contaminated with ribosomal RNA during isolation (Smith, 1973) and DNA-RNA 
hybrids are not as stable as DNA-DNA hybrids (McCarthy and Church, 1970). 
The early experiments on nitrocellulose filters employed RNA because 
single-stranded DNA adhered to the filter nonspecifically and could not be 
removed by washing. Denhardt (1965) eliminated nonspecific sticking by 
incubating the filters containing the nonradioactive DNA in a mixture of 
bovine serum albumin, polyvinylpyrrolidone, and Ficoll for 6 hours prior 
to the addition of the radioactive DNA fragments. This technique is still 
frequently used. Warnaar and Cohen (1966) were able to remove nonhybrid-
ized DNA fragments by using a low ionic strength buffer at an alkaline pH. 
The three hybridization methods used most frequently today are cellulose 
acetate filters, hydroxyapatite columns, and spectrophotometric measure­
ment of renaturation rates (De Ley et al., 1969). All three methods 
should be accurate to within about 5%, although Brenner (1973) stated that 
the renaturation technique was not as accurate in his laboratory. The 
membrane method has the advantage that it is easy to perform without ex­
perience and is inexpensive. 
Physical factors affecting hybridization 
The rate of hybridization or annealing follows second-order kinetics 
and varies inversely with the square root of the length of the DNA. The 
rate depends upon temperature, ionic strength, viscosity of the solvent, 
and percent GC of the DNA (Brenner and Falkow, 1971, Smith, 1973). The 
reaction rate increases with increased temperature, but the optimum asso­
ciation occurs at about 25°C below the Tm of the hybrid. The less complex 
the DNA the more rapid the annealing, e.g. viral DNA anneals faster than 
13 
mycoplasmal DNA which anneals faster than bacterial DNA. The ratio of 
nonradioactive immobilized DNA to radioactive DNA fragments should be 
>10:1 in order for all homologous sequences to be able to anneal. The 
radioactive fragments should be about 1000 nucleotides long. 
The adherence of single-stranded DNA to filters during filtration is 
increased with salt concentration. The solvent used for filtering DNA is 
5X SSC (0.015M sodium citrate and 0.15M sodium chloride for IX) (Gillespie 
and Spiegelman, 1965). The retention of the DNA is high with reports 
varying from 69-95% (B0vre and Szybalski, 1971, Gillespie and Spiegelman, 
1965, Smith, 1973). However, excessive fragmentation of the nucleic acids 
during isolation decreases the percent retained on the filters (Smith, 
1973). 
The purity of the nucleic acids is important for maximum annealing, 
although it is possible for protein or RNA contaminants to increase hy­
bridization if they act like single-stranded DNA (Brenner, 1973). Some 
bacteria contain carbohydrates from the wall or capsule which may con­
taminate the DNA. Mycoplasmal DNA is relatively simple to purify because 
of the lack of cell wall. The Marmur method (Marmur, 1961) is used fre­
quently for the isolation and purification of DNA. However, the method 
does not yield particularly high molecular weight DNA (Saito and Miura, 
1963). A number of investigators have employed at least one phenol step 
in the deproteinization procedure. Saito and Miura (1963) used phenol 
saturated with buffer at pH 9.0 to obtain high molecular weight DNA for 
transformation experiments. A modification of this method was used by 
Peterson and Pollock (1969). De Ley and coworkers (De Ley et al., 1970) 
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claimed that a phenol step following the Marmur isolation eliminated 
erratic results with Agrobacterium spp. and Xanthomonas spp. DNA hybrid­
izations. Saito and Miura's procedure was employed in these studies. 
Thermal stability of hybrids 
Hybridized sequences contain some mismatched bases, and the number 
varies inversely with temperature because mismatched bases have lower 
melting points than normal AT and GC pairs and so do not form at tempera­
tures close to the melting point (McCarthy and Church, 1970). The number 
of mismatched sequences will be higher in hybrids not closely related than 
in hybrids which are closely related. Thus, organisms with 35% homology 
will have a lower Tm than organisms with 90% homology. Some investigators 
perform their hybridizations at two temperatures, one being 25°C below the 
Tm and the other 10° or 15°C below the Tm (Brenner, 1973, Peterson and 
Pollock, 1969). Homology values decrease significantly at increased 
temperatures for organisms not very closely related (Brenner, 1973). For 
example, E. coli and Shigella boydii showed 89% homology at 60"C and 85% 
homology at 75°C, while E. coli and Salmonella typhimurium were 45% re­
lated at 60°C and only 11% related at 75°C. Peterson and Pollock (1969) 
using Acholeplasma laidlawii A and B observed homologies of 87% and 78% at 
65°C and 75°C respectively. 
The thermal stability of the hybrids can be measured by eluting them 
from filters or hydroxyapatite columns with increasing temperatures and 
calculating the Tm from the temperature at which 50% of the radioactivity 
is released. Melting point curves can be plotted from percent radioactiv­
ity released at different temperatures. Anderson and Ordal (1972) de­
scribed a method for eluting hybrids from filters. The filters were 
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placed in capped tubes containing a buffer and passed from one tube to 
another as the temperature was raised in 5°C increments to 100°C. The 
radioactivity in each tube was measured either by precipitating the DNA 
with TCA and filtering it, or by pouring the buffer directly into scintil­
lation fluid. A certain amount of radioactivity is released spontaneously 
from filters at high temperatures, so a filter containing only immobilized 
radioactive DNA should be used as a control. However, since the decrease 
in Tm (ATm) of heterologous hybrids is relative to the Tm of the homolo­
gous hybrid, the problem of spontaneous elution is minimal. De Ley and 
Tijtgat (1970) claimed that hybridization experiments should not be per­
formed above 65°C because they found about 40% elution from filters after 
22 hrs at 61°C. Other investigators however, have experienced only 1% 
loss of membrane-bound DNA at 65°C for 24 hours (Smith, 1973). Various 
chemicals have been used to lower the temperature required for specific 
association, such as formamide (Smith, 1973) and dimethyl sulfoxide (DMSG) 
(De Ley and Tijtgat, 1970). In certain bacteria, namely the Enterobac-
teriaceae, the marine vibrio's, and the anaerobic genera, a linear rela­
tionship between ATm and percent homology has been established which is 5% 
lower homology per 1°C decrease in Tm (Johnson, 1973). For every degree 
lowering of Tm there are about 1% mismatched base pairs (Brenner, 1973). 
Thus, 70% homology between two organisms would indicate a ATm of -6.0°C 
from the Tm of the homologous system and about 6% unpaired base sequences 
in the hybridized segments. 
Competition experiments 
Competition experiments involve the use of excess (150 ug) heterolo­
gous unlabeled DNA or RNA fragments which react with the radioactive 
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homologous DNA or RNA fragments (1.5 ug) before they can hybridize. 
Homologous competitor DNA reduces the hybridization more than heterologous 
DNA and the percent homology can be calculated as follows: 
% homology without competitor DNA-% homology with heterologous com­
petitor DNA 
% homology without competitor DNA-% homology with homologous com­
petitor DNA 
The results obtained from competition experiments should be similar to 
those from straight hybridization experiments. The advantage of competi­
tion experiments is that various heterologous DNA's are compared with one 
type of cold and hot DNA which eliminates the variability (in filter ex­
periments) of using filters containing different types of DNA. In 
straight experiments one species of radioactive DNA is reacted with 
filters containing DNA of all the other organisms to be compared. The 
percent homology is calculated by dividing the cpm on the heterologous 
filters by the cpm on the homologous filter x 100. Thus, many different 
solutions of DNA are filtered and compared, allowing for variability in 
the amount of DNA or the purity of the DNA on the filters. One disadvan­
tage of competition experiments is that mycoplasmal DNA is difficult to 
isolate in large quantity and high concentrations of DNA are required. 
Peterson and Pollock (1969) also found that totally unrelated competitive 
DNA could reduce the binding of homologous fragments at certain tempera­
tures. Competition, however, is probably the method of choice considering 
the number of laboratories which have used it (Brenner, 1973, Johnson, 
1973, Staley and Colwell, 1973). 
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Evaluation of hybridization results 
The percent homology of reciprocal experiments should be the same if 
the genome size of the two organisms is the same (Brenner and Falkow, 
1971). If the molecular weight of the DNA of one species is greater, the 
hybridization experiments in which it is the cold DNA will give higher 
percent homology. Peterson and Pollock (1969) drew conclusions about the 
difference in genome size of A. laidlawii A and B by this method. 
Relationships between organisms are sometimes expressed in ways other 
than percent homology. The two percent homology values obtained from re­
ciprocal experiments can be multiplied together to give a "relatedness" 
value (Somerson and Weissman, 1969). For example, if DNA from strains A 
and B are 50% and 45% related in reciprocal experiments, then the related­
ness value of A and B is .50 x .45 = .22. Identical organisms should have 
a relatedness value of 1.00. To be considered members of the same spe­
cies, Somerson and Weissman (1969) said that the organisms should have a 
value of at least .15. However, this is not an official taxonomic cri­
terion for evaluating species. 
Reich and coworkers (1966a, 1966b) performed an analysis on the cpm 
from reciprocal experiments between very closely related organisms and 
represented the relationships as "interaction" values. In their method, 
expected results were calculated by multiplying the row mean x the column 
mean and dividing by the grand mean (see Tables 20 and 21). The observed 
cpm were then divided by the expected cpm for every experiment to obtain a 
value close to 1.00. From an analysis of variance on the logarithm of the 
means, a 95% confidence interval was figured. This method is not commonly 
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used today, although it does provide a numerical basis for deciding 
whether or not two nucleic acids are identical. 
Hybridization experiments with mycoplasma 
The literature on DNA-DNA or DNA-RNA hybridizations with mycoplasmas 
is sparse. While generalizations have been made as to the percent homolo­
gy which constitutes interspecies and intraspecies relationships among 
many genera of bacteria, no such generalizations can be made for the 
heterogeneous mycoplasmas and acholeplasmas. Relationships within species 
of bacteria are usually 70% or more and relationships between species of 
one genus are usually 20-50% (Brenner, 1973, Johnson, 1973, Staley and 
Colwell, 1973). Intraspecies relationships among mycoplasma range from 
40-95% and interspecies relationships have been shown from 1.3% to 33%. 
The majority of the homology studies have been done on human myco­
plasmas. Reich and coworkers {1966a) compared the human species by DNA-
RNA hybridizations on membrane filters. M. pneumoniae showed no relation­
ship to the others which confirms its antigenic distinctness, 
fermentans was only 3-4% related to ^ orale type 2. orale type 2 was 
7-10% related to orale type 1, salivarium, and ^ hominis types 1 
and 2 which correlates with low level serological cross reactions. As 
mentioned previously, M. orale type 2 will be given a different name since 
it is so distinct from M. orale type 1. Two strains of M. orale type 2 
were 96% and 73% related in reciprocal experiments but their interaction 
values were not within the 95% confidence interval for identity, 0.95-
1,05. M. salivarium isolates were not identical, either, but M. 
pneumoniae isolates were (Reich et al., 1966a). 
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Somerson and coworkers (1965, 1967) compared eight strains of ^ 
hominis type 1 by DNA-RNA hybridizations on membrane filters and found 
them to have relatedness values from .17-.60 or about 40%-80% homology. 
Interaction values were outside the 95% confidence interval for identical 
nucleic acids. They tested some tissue culture isolates against two por­
cine species M. hyorhinis strain 7 and M.. qranularum strain 39 because of 
a serological relationship and found no homology (Somerson et al., 1966). 
Several M. pneumoniae strains were indistinguishable according to their 
interaction values. 
Acholeplasma laidlawii A and B were compared by Peterson and Pollock 
(1969) using competitive experiments with the membrane filter technique of 
Denhardt (1966). They found 86% and 71% homology in reciprocal experi­
ments and investigated the size of the genomes to see if they were dif­
ferent. They claimed that A. laidlawii A DMA was 10-20% larger than ^ 
laidlawii B DNA. This difference was also seen in autoradiography by 
Horowitz et al. (1967). The work of McGee et al. (1967), using the agar 
column method, showed the reverse, that is, the percent homology was 
higher (72-90%) when A. laidlawii B was Immobilized than when A. laidlawii 
B was immobilized (60-67%), suggesting that B DNA was larger. ^ 
laidlawii A was found to be 33% related to A. qranularum but only 3-6% to 
another acholeplasma strain s-743 (Neimark, 1970). The s-743 strain was 
6% related to the avian strain M. gallisepticum S 6. The serological data 
agreed with the homology. Neimark also found that the goat strain M. 
mycoides var. capri was 73% related to a procine isolate B3. Using com­
petition experiments the homology was 94%. M. mycoides var. capri had a 
relatedness value of .16 to A. laidlawii (Freundt, 1974). The only avian 
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species which have been compared are M. gallinarum and M. gallisepticum 
and they have only 1.3% homology (Freundt, 1974). They have never been 
shown to be serologically related, either. It is surprising that 
gallisepticum should be 6% related to an acholeplasma and only 1.3% re­
lated to another avian species. 
The classification of avian mycoplasma has not been aided by DNA-DNA 
hybridization information, and it would be useful to compare the strains 
which are closely related serologically to establish interserotype and 
intraserotype relationships as well as interspecies and intraspecies re­
lationships. The results might not be as clear cut as they are for other 
genera of bacteria, but for this reason they are more essential. Brenner 
(1973) stated the purpose of DNA hybridization data to be the following; 
(1) to determine new taxa, i.e., compare organisms being placed together 
and their relationship with other taxa, (2) to identify grossly atypical 
strains in a taxon (serotype in mycoplasma), (3) to classify poorly 
studied groups, and (4) to change existing classification. The taxonomy 
of the Mollicutes as well as the Schizomycetes would be greatly benefited 
by supporting biochemical and serological data with information on genetic 
relationships. It is a shame that the surge of DNA-DNA hybridization ex­
periments on mycoplasma in the late 1960's has not continued. 
21 
MATERIALS AND METHODS 
Growth of Mycoplasmas 
Media 
Avian mycoplasma strains were passaged in M96 medium (Frey et al., 
1973) for the serological experiments and were later adapted to M87 medium 
for the isolation of DNA, The M87 medium was prepared, autoclave-steri­
lized, and stored as a 2X broth containing the following: 
Peptone B (Albimi, Pfizer Diagnostics, New York, N.Y.) 10.0 g 
Peptone CS (Albimi, Pfizer Diagnostics) 10.0 g 
Yeast Autolysate (Albimi, Pfizer Diagnostics) 10.0 g 
NaCl 10.0 g 
KCl 0.8 g 
MgSO^'THgO 0.4 g 
Na2HP04.7H20 3.2 g 
NaHgPO^.HgO 0.2 g 
1 liter triple distilled water 
pH 7.6 
Agar was prepared by combining 100 ml 2X M87 broth with 100 ml sterilized 
1.8% lonagar #2 (Colab Laboratories, Inc., Chicago Heights, 111.) and 30 
ml swine serum. A IX M87 broth was made by adding an equal volume of 
triple distilled water to the 2X broth plus the following: 
Dextrose (20%) final concentration (f.c.) 0.2% 10 ml/L 
Penicillin G (100,000 U/ml) f.c. 500 U/ml 5 ml/L 
Thallium acetate (10%) f.c. 0.025% 2.5 ml/L 
Swine serum (acid treated) f.c. 10% 100 ml/L 
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Buffers and solutions 
Phosphate buffered saline (PBS) 
NaCl 8.0 g 
KCl 0.2 g 
NagHPO^ 1.15 g 
KH2PO4 0.2 g 
CaClz'ZHzO 0.13 g 
MgCl2*6H20 0.10 g 
1 liter distilled water 
pH 7.4 
Fluorescent antibody buffer (FA) 
NazHPO^ 1.24 g 
NaHgPO^'HzO 0.18 g 
NaCl 8.5 g 
1 liter distilled water 
pH 7.4 
Standard saline citrate buffer (SSC) 
NaCl 0.15 M 
Sodium citrate 0.015 M 
pH 7.0 
Saline-EDTA 
NaCl 0.15 M 
EDTA (disodium ethylenedini trilo tetraacetic acid. Baker 0.1 M 
Chemical Co., Phillipsburg, N.J.) 
pH 8.0 
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Tris-SDS buffer 
Trizma (tris hydroxymethylaminomethane, Sigma Chemical Co., 0.1 M 
St. Louis, Mo.) 
Sodium dodecyl sulfate (SDS, General Biochemical, Chagrin 1.0% 
Falls, Ohio) 
NaCl 0.1 M 
pH 9.0 
Preincubation medium (PM) 
Bovine albumin (Armour Pharmaceutical Co., Chicago, 111.) 0.02 g 
Polyvinylpyrrolidone 360,000 m.w. (Sigma Chemical Co., 0.02 g 
St. Louis, Mo.) 
Ficoll 400,000 m.w. (Sigma) 0.02 g 
SSC 3X pH 7.0 100 ml 
Cultures 
The strains of avian mycoplasma used in this study were obtained from 
J. Fabricant, Cornell University, Ithaca, New York and from M. Hofstad, 
Iowa State University, Ames, Iowa. Twenty strains of C-0 and D=P sero­
types and twenty-seven strains of B and E-G serotypes were tested in com­
plement fixation (CF) and fluorescent antibody (FA) tests after the cul­
tures had been sent to England, lyophilized, and returned to our labora­
tory. Four C-0 strains and four D-P strains were then used in DNA-DNA 
hybridization experiments. 
Antigens 
Complement fixation antigens Mycoplasma organisms were grown in 
50-100 ml of M95 medium containing 12% swine serum, 500 U/ml penicillin G, 
and 0.025% thallium acetate. After incubation at 37°C for 12-18 hours, 
the cells were killed by adding 1 ml of a 1:10 dilution of beta 
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propiolactone (Fellows Testagar, Anaheim, Cal.) per 100 ml culture and 
incubating for 4 more hours at 37°C, The cells were then sedimented in a 
Spinco Model L ultracentrifuge (Beckman Instruments, Inc., Fullerton, 
Cal.) at 35,000 x g for 20 minutes. After three washings with phosphate 
buffered saline (PBS) to remove medium components, the cells were suspend­
ed in PBS to 5-10% of the original volume and one-quarter volume of 
glycerol was added to prevent clumping during storage at -20°C. 
Hyperimmunizing antigens Mycoplasma cultures were adapted to M96 
medium containing rabbit serum instead of swine serum and then each strain 
was grown in the medium containing serum from the rabbit to be inoculated 
(Frey et al., 1972). After 18 hours of growth at 37°C, the cells were 
washed three times with PBS and resuspended as described above. However, 
instead of adding glycerol, one volume of Genetron 113 (trifluorotrichloro-
ethane. Allied Chemical Corp., Morristown, N.J.) was added to eliminate 
medium components and prevent nonspecific cross reactions (Frey and 
Hanson, 1969). The mixture of antigen and Genetron was shaken vigorously 
for 1 minute and then centrifuged 5 minutes at 800 x g. The aqueous anti­
gen layer was removed and stored at -20°C for later use in immunization of 
rabbits. 
Fluorescent antibody cultures Mycoplasma strains were grown in 
M96 medium as for production of CF antigen except in 5 ml volume. The 
cultures were diluted 1:10 to 1:100 in FA buffer and inoculated onto 
sterile cellulose acetate membrane (CAM) strips with a platinum loop (Frey 
et al., 1973). The strips were then placed inoculated-side-up on M96 agar 
plates and incubated 24 to 48 hours in a COg incubator at 37°C. The agar 
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at the edge of the strips was also inoculated so that growth of colonies 
could be observed by light microscopy. The CAM strips (Schleicher and 
Schuell, Keene, N.H.) were 1 x 1/4 inch and were autoclaved between pieces 
of filter paper in petri dishes. 
Cultures for isolation of DNA 
Nonradioactive DNA Four liters of M87 medium in a Bellco 6 liter 
fermenter (Bellco Biological Glassware and Equipment, Vineland, N.J.) was 
inoculated with 50 ml of an 18-hour broth culture of mycoplasma. After 18 
hours of incubation at 37°C with stirring, the cells were examined under 
phase microscopy for concentration of cells and possible contamination 
with bacteria. A sample was plated onto M87 agar without inhibitors as a 
sterility check. The colony forming units (cfu) per ml were determined by 
plating dilutions and were usually between 5 x 10^ and 1 x 10®. The cells 
were harvested by centrifugation at 9000 x g for 40 minutes in a Sorvall 
RC2B centrifuge (Sorvall, Inc., Norwalk, Conn.). They were washed once 
with saline-EDTA pH 8.0 and after a second centrifugation the pellet was 
frozen at -20°C until the DNA extraction was performed. 
Radioactive DNA The same methods were employed when cultures were 
inoculated with radioactive thymidine except that only 1.5 liters of cul­
ture were grown. After 7-8 hours of incubation at 37°C, a sample was 
plated onto M87 agar without inhibitors as a sterility check. Dilutions 
were also plated for colony counts in the early experiments and the con­
centration of organisms was found to be about 10^ cfu/ml. Tritiated 
thymidine (5.7 Curies/mmole methyl-^H, New England Nuclear, Boston, Mass.) 
was added (1.5 milliCuries) with a tuberculin syringe. Incubation was 
continued another 7-8 hours with stirring after which another sample was 
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plated for sterility check. In the early experiments the concentration of 
mycoplasma cells was determined by plate counts, but later the approximate 
concentration was observed by phase microscopy. The culture was harvested 
in the same manner as the nonradioactive cultures except that all proce­
dures were done in a stainless steel fume hood. A crude estimation of the 
amount of radioactivity incorporated into the cells was made by counting 
the radioactivity in 0.5 ml of supernatant fluid and subtracting the total 
cpm in the supernatant from the total cpm inoculated into the culture. 
Efficiency of incorporation ranged from 75 - >90%. The specific activity 
of the pure DNA was 1000-1500 cpm per ug. 
Serological Tests 
Production of antiserum 
Hyperimmune antiserum against two mycoplasma strains of each serotype 
were produced in rabbits by giving subcutaneous injections at four sites 
using 0.25 ml antigen and 0.25 ml complete Freund's adjuvant at each site 
followed 2 to 3 weeks later by 5 or 6 intravenous injections given at 1 to 
2 day intervals. Rabbits were bled 2 weeks after the last injection (Frey 
and Hanson, 1969). The anticomplementary substances were adsorbed out by 
mixing the serum with diethyl aminoethyl cellulose (DEAE) type 20 
(Schleicher and Schuell, Keene, N.H.) for 5-18 hours at 4°C and then 
separating the purified immunoglobulins by centrifuging at 2500 rpm for 
15 minutes (Stanworth, 1960). Antisera were stored at -20°C in small 
aliquots. 
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Complement fixation tests 
Microtiter complement fixation tests were performed according to the 
Center for Disease Control Public Health Monograph #74, Standardized 
Diagnostic Complement Fixation Method and Adaptation to Micro Test (Casey, 
1965). Homologous antigens and antisera were titered by reacting twofold 
dilutions of each in block tests. A dilution of antisera containing four 
antibody units was then reacted with twofold dilutions of antigen in each 
of the heterologous tests. Lyophilized guinea pig complement (Gibco, 
New York, N.Y.) was reconstituted and frozen in 0.3 ml aliquots at -65°C. 
Glycerinated anti-sheep hemolysin (Difco, Detroit, Mich.) was diluted 
1:100 in 0.5% phenolyzed saline and frozen at -65°C. Sheep red blood 
cells were collected fresh into an equal volume of A1sever's solution and 
were used after 5 days and up to 2 weeks. The concentration of sheep 
RBC's was read on a Gilford 2400 spectrophotometer (Gilford Instrument 
Laboratories, Oberlin, Ohio). 
Fluorescent antibody tests 
Conjugation of serum with fluorescein Immunoglobulins were pre­
cipitated from antisera three times by the addition of an equal volume 
(30 ml) of saturated (NHit)2S0^. Each precipitate was dissolved to the 
original volume in FA buffer and the final solution was dialyzed against 
three changes of one hundred volumes of .FA buffer at 4°C. The protein 
content was determined by the Lowry method (Lowry et al., 1951). Fluores­
cein isothiocyanate (BBL, Cockeysville, Md., isomer 1) was added to the 
immunoglobulin solution at a concentration of 10 ug/mg protein and conju­
gation was allowed to occur for 6 hours at 4°C. The unreacted fluorescein 
was removed by passing the solution through a G-25 course Sephadex column 
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(Pharmacia Fine Chemicals, Inc., Piscataway, N.J.). The fluorescent anti­
body was stored at 4°C with 0.05% sodium azide as a preservative. 
Antigen-antibody reaction The CAM strips containing mycoplasma 
colonies which were inoculated as described under fluorescent antibody 
cultures were removed from the agar, air-dried, and cut into five smaller 
pieces. Each piece was marked on the colony side and placed in a well of 
an 8 X 12 inch plastic Model FB-54 Clear Disposo-Tray (Linbro Chemical 
Co., New Haven, Conn.). Several drops of the appropriate FA antisera were 
added to the wells and allowed to react with the antigens at room tempera­
ture for 30 minutes. The serum was then aspirated off with a Pasteur 
pipette and 1 ml of FA buffer was added. After washing for 5-10 minutes 
the buffer was replaced with distilled water for another 5-10 minutes. 
The strips were blotted and placed colony-side-up on glass slides. After 
drying, a drop of immersion oil of refractive index 1.515 was placed on 
the strips to clear them. 
Observation of fluorescence A Leitz Orthoplan microscope with a 
Ploem vertical illuminator was used to visualize fluorescence at 130 X 
magnification. The microscope was equipped with a Cramer ultraviolet 
light source, a BG heat filter, a UGl excitor filter, a built-in 400 
barrier filter, and a slide-in K430 barrier filter. Pictures were taken 
using a Leitz camera and Anscochrome 500 film with 30-60 second exposures. 
Nucleic Acid Hybridization 
Isolation of DNA 
The method of isolation and purification of DNA was a modification of 
two methods -- that of Marmur (1961) and Saito and Miura (1963). The 
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frozen pellet was thawed and suspended in approximately 50 ml saline-EDTA 
pH 8.0 by aspirating with a 20 ml syringe. If dispersion was not com­
plete, the solution was spun with a magnetic stirrer for 30 minutes. The 
cells were then lysed by the addition of 25% sodium dodecyl sulfate 
(General Biochemicals, Chagrin Falls, Ohio) to a final concentration of 
2% and subsequent heating at 60°C for 10 minutes. After cooling to room 
temperature the solution was deproteinized by shaking in an ice bath with 
an equal volume of phenol saturated with Tris-SDS buffer for 20-30 min­
utes (Saito and Miura, 1963). The aqueous, phenol, and protein layers 
were separated by centrifuging at 3000 rpm for 15 minutes in a Sorvall 
GLCl centrifuge. The aqueous DNA-containing layer was carefully aspirated 
and further clarified of protein by centrifuging at 16,000 x g for 15 
minutes in a Spinco model L ultracentrifuge. The supernatant was care­
fully poured off and the nucleic acids precipitated out of solution by 
slowly adding two volumes of cold 95% ethanol (Marmur, 1961). The strands 
of nucleic acid were then spooled onto a plastic pipette, rinsed in 95% 
ethanol, and stored in a test tube containing 95% ethanol at 4°C. 
Purification of DM 
The spooled nucleic acids were dissolved in 20 ml O.IX SSC buffer pH 
7.0 by gentle shaking. Several hours were required to completely dissolve 
the nucleic acids. Ribonucleic acid was degraded by the addition of 
bovine pancreatic RNase-A (Sigma, St. Louis, Mo.) at a final concentration 
of 50 jug/ml. The solution was incubated in a 37°C water bath for 30 min­
utes. The DNA was again deproteinized by shaking with an equal volume of 
water-saturated phenol in an ice bath for 10-15 minutes. The DNA and 
protein layers were separated as before with two centrifugations at 3,000 
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rpm and 16,000 x g. The DNA was precipitated with two volumes of cold 95% 
ethanol as before. This deproteinization procedure was repeated until 
there was no more white protein layer observed between the aqueous and 
phenol layers usually about four times. The spooled DNA was finally 
dissolved in about 5 ml of O.IX SSC pH 7.0, made to IX by 0.5 ml lOX SSC 
pH 7.0, and the DNA specifically precipitated by slowly adding 0.54.volumes 
isopropanol while stirring (Marmur, 1961). The strands of DNA were again 
spooled onto a plastic pipette, rinsed successively in 70%, 80%, and 90% 
ethanol and stored at 4°C in 95% ethanol. 
The purified DNA was finally dissolved in O.IX SSC, made to IX SSC, 
and the concentration and purity determined by measuring the optical 
density (O.D.) at 260 and 280 nm wavelengths on a Gilford 2400 spectro­
photometer (Gilford Instrument Laboratories, Oberlin, Ohio). The absorb-
ency of a ]% solution of DNA at 260 nm is 200.0 which means that a 20 
ug/ml solution has an absorbency of 0.400 (Mandel and Marmur, 1968). The 
DNA solutions were adjusted to a concentration of 25-30 yg/mi by diluting 
approximately 1:25 in IX SSC. The purity of the solutions was determined 
from the ratio of absorbencies at 260 and 280 nm which is approximately 
2.00 for pure DNA (Marmur, 1961). The ratios obtained for all of the 
DNA's ranged from 1.79-1.86. Calculation of the concentration took into 
account the contribution of protein to the absorbency. For example, a 
solution with an O.D. of 0.660 at 260 and 0.363 at 280 (ratio 1.82) was 
considered to contain approximately 31 )jg/ml which would have theoretical­
ly read 0.620 if pure DNA. The relationship between absorbency and ratio 
was determined empirically to be approximately 0.020 O.D. increase with a 
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0.10 ratio increase, although there was considerable variation. A 40 ml 
solution of DNA of the desired concentration was dialyzed against three 
changes of one hundred volumes of IX SSC pH 7.0 for 2-3 days at 4°C using 
5/8 inch diameter dialysis tubing (A. H. Thomas, Philadelphia, Pa.) which 
had been heated to 70°C for 10 minutes. The concentrated and dialyzed 
solutions were stored at 4°C in 15 x 150 mm glass disposable test tubes 
(Scientific Products, McGaw Park, 111.) with a small amount of chloroform 
which denatured residual protein. These solutions could be stored for 
several months without denaturation of the DNA. 
The phenol used in the deproteinization procedure was redistilled 
from C.P. grade crystal (Baker Chemical Co., Phillipsburg, N.J.). It was 
stored at 4°C in dark containers and saturated with water or Tris-SDS 
prior to use. It was discarded when it became yellow. 
Filtration of DNA 
The DNA-DNA hybridization experiments were performed on Schleicher 
and Schuell (Kenne, N.H.) nitrocellulose B6 membranes of 25 mm diameter 
and 0.45 ju pore size. One hundred eighty ug of DNA in IX SSC (5 ml of 30 
jjg/ml solution) were denatured by heating to boiling for 10 minutes and 
quickly diluting in five volumes of 6X SSC in an ice bath. The filters 
were prewashed with 10 ml 6X SSC in a Universal Membrane Filtration Appa­
ratus (New Brunswick Scientific Co., New Brunswick, N.J.). One hundred 
eighty jug of DNA were then filtered onto each filter at a rate of 10 
ml/min. The filters were washed with another 20 ml 6X SSC, removed, 
drained, and placed loosely in clean scintillation vials which were then 
placed inverted (to prevent sticking) in a 37°C incubator overnight. The 
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filters were stored in the vials at room temperature for short periods, 
usually 1-2 weeks. 
The hybridization experiments were done on 6 mm diameter mini-filters 
rather than the large 25 mm diameter filters. Seven mi ni-filters were 
punched from each 25 mm filter with a paper punch. A Burton test (Burton, 
1956) was done on one mini-filter from each DNA sample to determine the 
amount of DNA. Theoretically the amount should have been 14.7 ug because 
filters were punched from a 21 mm diameter area or 346.4 mm^. The area of 
each mini-filter was 28.3 mm^ or 8.2% of the total which in lug was 14.7. 
The values obtained in Burton tests ranged from 10-20 ug per filter with 
an average of 13.2 jug. Some DNA passes through the filter and each area 
contains a slightly different amount (Smith, 1973). 
Hybridization 
Hybridization experiments were performed at two temperatures, 25°C 
and 15°C below the melting point of the native DNA which was 56°C and 66°C 
respectively. Three mini-filters of DNA from each of the eight strains of 
mycoplasma were incubated at each temperature. Radioactive DNA from one 
of the strains was reacted with the membrane-bound DNA from each of the 
eight strains in any given trial. 
The filters were placed DNA-side-up in 1/4 dram shell vials (Kimble, 
Scientific Products, McGaw Park, 111.). The filters were preincubated for 
6 hours at either 56°Cor66°C with 0.11 ml of the preincubation medium (PM) 
of Denhardt (1966). The vials were stoppered with #0 corks and placed in 
56°C or 66°C water baths in Plexiglas racks. 
Radioactive DNA (25 wg/ml) was sonicated for 60-70 seconds at 3 amps 
using a Branson Ultrasonic Sonifier Model LS-75 (Branson Ultrasonic Corp., 
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Stamford, Conn.) to create fragments about 1000 nucleotides in length. 
The fragments were denatured by heating to 100°C for 5-10 minutes and 
quickly cooling in an ice bath. Single-stranded fragments were then added 
to the membrane-bound ONA in a 1:10 ratio (1.5 ug) in 0.05 or 0.10 volume 
delivered with a 0.1 ml Hamilton syringe (Hamilton Co., Whittier, Cal.). 
The filters were incubated for 16 hours after which the nonhybridized 
radioactive DNA was washed off by placing the filters in wells of Linbro 
16 mm tissue culture trays containing 3 ml 3X SSC which were floated in 
the water baths for 15-20 minutes. The filters were then blotted and 
placed DNA-side-up in the bottom of Wheaton liquid scintillation vials 
(Beckman Instruments, Lincolnwood, 111.). After drying for 5-6 hours at 
25°C 10 ml of scintillation fluid was added containing 5 g PPO (2,5-
diphenyloxazole, Research Products International Corp., Elk Grove, 111.) 
in 1 liter of toluene (ACS grade. Fisher Scientific Co., Fair Lawn, N.J.). 
If a filter became detached from the bottom of the vial, it was stuck to a 
fresh vial and redried, because filters which floated freely did not yield 
reproducible counts. The vials were counted twice for 20 minutes or to 1% 
error at 350 gain in a Beckman LS 230 liquid scintillation counter. The 
cpm for the three filters of each DNA were averaged and the control sub­
tracted. The net cpm of the heterologous hybrids was divided by the cpm 
of the homologous hybrids and multiplied by 100 to give percent homology. 
Competition experiments 
An excess of cold heterologous ONA fragments were incubated with an 
homologous system to measure the reduction in hybridization. Concentrated 
solutions (750 ;jg/m1) of DNA in IX SSC were fragmented by sonicating for 
60 seconds at 3 amps. The fragments were denatured by boiling for 10 
minutes and quickly cooling in an ice bath. They were then dialyzed 
against 3 changes of 300 volumes of 2X SSC pH 7.0 at 4°C. They were 
stored frozen at -20°C. The cold competitor DMA (75 jug) was added to the 
filters at the same time as the radioactive DNA. The incubation was per­
formed as with noncompetitive experiments. The percent homology was 
calculated as: 
% homology without inhibitor - % homology with heterologous inhibitor 
% homology with inhibitor - % homology with homologous inhibitor 
Thermal Denaturation 
The percent guanosine plus cytosine (GC) in the DNA of each of the 
eight strains was determined from the temperature at which 50% of the DNA 
was denatured (Tm) using a Gilford spectrophotometer equipped with a 
Honeywell recorder (Mandel and Marmur, 1968). The DNA solutions at con­
centrations of 20 jug/ml in IX SSC pH 7.0 were placed in stoppered quartz 
spectro cells (A. H. Thomas, Philadelphia, Pa.). The optical density was 
read at room temperature (260 nm) and then the temperature was raised to 
20°C below the malting point using a Haake bath containing ethylene 
glycol. Absorbency was read at 5°C increments until complete denaturation 
had occurred, allowing 20 minutes for equilibration at each temperature. 
Temperatures were plotted on the recorder which had been calibrated 
against a potentiometer connected to the DNA solution. The Tm and various 
other parameters of the melting curves such as kurtosis and skewness were 
determined using a computer program of Dr. W. R. Lockhart, Department of 
Bacteriology, Iowa State University (MEN-WRL-DSN Fortran IV IBM 260) on an 
IBM 360-65 computer. 
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Thermal Stability of Hybrids 
The Tm of the hybrids on the membrane filters was determined by a 
method described by Anderson and Ordal (1972). One filter of each of the 
eight types of DNA from an experiment at 56°C was removed from the scin­
tillation vial and placed in a 12 x 75 mm snap cap tube with 1.0 ml of 
0.5X SSC pH 7.0. These tubes and 80 others were placed in a 50°C water 
bath. The filters were transferred with forceps from one tube to another 
as the temperature was raised in 5°C increments up to 100 °C. Fifteen 
minutes were allowed for equilibration at each temperature. Each tube was 
poured into 10 ml of double triton-X scintillation fluid (5.0 g PPO, 1 
liter toluene, 500 ml triton-X 100, Sigma Chemical Co., St. Louis, Mo.) 
and counted for 20 minutes at a 410 gain on the Beckman LS 230. The 
filters were attached to the bottom of scintillation vials, dried, and 
counted with nontriton-X fluid. The counts per minute were totaled for 
each DNA at the eleven temperatures, and divided by two to find the tem­
perature of 50% elution of radioactivity which is the Tm. The cpm eluted 
were divided by the cpm retained on the filter to calculate the percent 
released. Thermal elution profiles were plotted from percent radioactivi­
ty released versus temperature. From thermal stability measurements of 
three experiments done at 5ô°C, a linear relationship was seen between the 
ATm of hybrids and their percent homology relative to the homologous 
system. 
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RESULTS 
Serological 
The results of the complement fixation (CF) tests using strains of 
C-0, D-P, B and E-G serotypes were essentially the same as those obtained 
by Prey et al. (1972) except that the titers were higher (Tables 1 and 2). 
The cultures had been sent to England, lyophilized, and returned to Dr. 
Prey. A few differences with the strains used in the DNA-DNA hybridiza­
tion experiments can be seen in Tables 3 and 4. Two strains in the C-0 
serotype, lllR and 33P seemed to fit the D-P serotype better. They re­
acted more to D antiserum than to C and 0 antisera. Strain TC3 in the D-P 
serotype did not seem to fit that serotype, either. The antiserum to TC3 
did not react with D-P antigens as well as it did with C-0 antigens and 
<TC3 antigen did not react with D antiserum. Only three out of eight D 
antigens reacted with low titer to TC3 antiserum. Among the B and E-G 
serotypes, no strain appeared to be misclassified. There were many cross 
reactions between E-G antigens and B antisera and a few cross reactions 
between B antigens and E-G antisera. Strain HPR-15 (D) reacted more 
strongly to B antisera than to E and G antisera. The type strain of 
gallinarum (PG 16) reacted with antiserum to the type strain of M. iners 
(PG30). 
The two strains lllR and 33P which from now on will be discussed as 
D-P strains rather than C-0 had been classed as C-0 by Barber (1969) from 
biochemical tests. Serological studies were not done on them to my 
knowledge. According to their biochemical reactions which will be dis­
cussed later they could be classed in the D-P serotype as easily or better 
Table 1. Complement fixation and fluorescent antibody tests on avian mycoplasma of C-0 and D-P 
serotypes 
Antisera 
Antigens^ 
C-0 
69(TC5)0 71(859)C ' 72(8)0 73(TC3)P 
CF FA CF FA CF FA CF FA 
Agarb CAMC Agard CAM Agar CAMS CAMd 
lllR - 2.5? 16 _ 5 32 10 10 _ 
D240 32 20 20 32 20 40 2 - 5 16 5 
CKK 32 20 20 64 40 40 - - 2.5 32 5 
BP8R 32 20 40 32 40 20 - - 5 32 5 
33F - - 2.5 16 - - 64 10+ 5 - -
49 6A 128 20 20 64 20 40 8 - - 32 2.5 
KCl 32 10 - 32 40 40 - - 5 16 5 
125F 32 20 40 32 20 20 - - 2.5 16 5 
E78 32 10 20 32 20 20 - - 2.5 - 2.5 
859 32 nd 20 64 80 40 -? 10 10 8 2.5 
TC5 128 80 20 128 20 20 — _ 10 64 5 
^Antigens were serially diluted 1/2 to 1/128; antiserum was a constant 4 unit dilution. 
^Agar technique. 
^Membrane strip technique. 
'^Average of 2 experiments. 
^Average of 3 experiments. 
Table 1. (Continued) 
Antisera 
Antigens 
D-P 
69(TC5)0 71(859)C 72(8)0 73(TC3)P 
CF FA CF FA CF FA CF FA 
Agar CAMd Agar CAMd Agar CAM CAMd 
DD - - 20 8 - 10 64 20 40 - 5 
TC7 - - - 4 - - 16 20 10 - -
TC8 - - 2.5 8 - 5 32 10 10 8 5 
594B - ndf - 32 - - 64 10+ 10 - 2.5 
R/85A 
- - 5 8 - 2.5? 32 20+ 20 - -
ri4A 2 - 5 8 - 2.5 32 10 20 16? -
SPTC3 
- -
5 4 - - 32 5+ 10 16 2.5 
8 32? - nd " - 5 64 40 20 - 5 
TC3 128 nd 20 128 nd 20 - 20 10 64 10 
^Not determined. 
Table 2. Complement fixation and fluorescent antibody tests on avian mycoplasma of B and E-G 
serotypes 
Antisera 
(NÎHl (NIH) 
70(867)6 74(R49)B 77(C26)E 80(862)8 PG-16(B) PG-30(G) 
Antigens® CF FA CF FA CF FA CF CF CF 
B Agarbc CAMd AgarC CAM 
J - 2.5? 128 5 - 2.5 16 16 2 
7 - 2.5 128 20 - 5 16 16 2 
1504 - - 32 20 - 2.5 16 16 8 
CI 75 32 2.5 128 20 32 - 64 32 4 
Cll - 2.5? 128 10 2 2.5 16 32 -
K86B - - 128 10 - - 16 64 4 
R49 - - 128 40 - - 64 32 32 
K1 SB 4 2.5 32 10 16 - 32 16 4 
K50 - - 128 10 - 2.5 32 32 2 
26F - 2.5 64 10 - - 32 64 4 
C2 - - 32 10 - 5 16 - 4 
M2 - - 32 10 - _ 8 32 4 
^Antigens were serially diluted 1/2 to 1/128; antiserum was at a constant 4 unit dilution. 
^Agar technique. 
^Average of 2 experiments. 
'^Membrane strip technique. 
Table 2. (Continued) 
Antisera 
70(867)G 74(R49)B 77(C26)E 
(NIH) 
80(862)6 PG-16(B) 
(NIH) 
PG-30(G) 
Antigens CF FA CF FA CF FA CF CF CF 
B AgarC CAM Agar^ CAM 
C146 _ - 64 10 _ - 64 - -
GB - - 32 10 16 - 16 16 32 
PG16 - - 8 20 8 2.5? 16 16 128 
862 - nd® 128 nd 2 nd 128 64 -
E-6 
29F 64 2.5 20 4 2.5 64 5 8? 32 32 
860 16? nd 20 - - 16? 2.5 - 32 16 
34F 32 2.5 20 - 2.5? 32 5 16 16 32 
YME-2 16 nd 10 - 64 5 16 32 16 
HPR-15 4 — nd 32 10 16 20 32 32 8 
640 64 5 nd 2 2.5 64 10 32 32 4 
VRDR 32 5 10 - 4 - 2 16 2 
28F 64 5 nd -• nd 64 - 16 32 4 
Cl 28 32 2.5 20 • •  - 32 2.5 4 64 32 
C26 128 nd 20 " - ? _  5 - 32 16 
867 128 10 20 — 20 - 5 - 32 8 
®Not determined. 
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Table 3. Complement fixation tests performed by Frey, Hawk, and Hale, 
1972 
Antisera 
Antigens C(859) 0(TC5) 0(8) P(TC3) 
C-0 
33F 4' - 32 -
E78 32 16 - -
TC5 32 64 - 32 
859 640^ 320 80 80 
D-P 
8 40^ 20 640 20 
TC3 320^ 640 80 320 
DD ndc nd nd nd 
594B 8 64 -
^Reciprocal of highest reacting antigen dilution; antiserum at con­
stant 4 unit dilution. All data expressed as such unless designated (b), 
^Reciprocal of highest reacting antiserum dilution; antigen at con­
stant 2 unit dilution. 
Sot determined. 
than in the C-0 serotype. Strain TC3, however, was found to be serolog­
ically only slightly related to the 0 strain TC5 by Dierks and coworkers 
(1967) and to be unrelated to C strains by Barber (1969). Barber did find 
TC3 reacted with D and P strains in MI tests. Biochemically this organism 
fit the D-P group (Barber, 1969) better than the C-0 group but could not 
be excluded from the C-0 group. Thus the results of our laboratory were 
contradictory to those of other laboratories. Cross reactions between the 
B and E-G strains were found in very low titer by Barber (1969) and Barber 
and Fabricant (1971c) in MI tests. These low titers were between the B 
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Table 4. Complement fixation tests performed on the same cultures as in 
Table 3 after they had been sent to England, lyophilized, and 
returned (data taken from Table 1) 
Antisera 
Antigens C(859) 0(TC5) D(8) P(TC3) 
C-0 
33F 16 - 64 
E78 32 32 
TC5 128 128 - 8 
859 64 32 - 8 
D-P 
S = 32 64 ^ 
TC3 128 128 - 64 
DD 8 - 64 
594B 32 64 
strains GB, C175, PG16, and R49 and the E-G strains HPR15R and PG30. From 
Table 2, it can be seen that cross reactions between these strains oc­
curred in CP tests also. Barber and Fabricant (1971c) did not consider 
these relationships significant because the titers were less than 8 (com­
pared to 1024, 512, etc.). 
In order to prove that the cultures from which DMA was isolated were 
the same serologically as the original cultures, CF tests were done after 
they had been passed about 20 times in M87 medium. The results of these 
tests are seen in Table 5. Comparisons of Tables 3, 4, and 5 show a few 
differences occurred but no major differences except for strain DD which 
had evidently become contaminated during passage and reacted to C-0 anti-
sera as well as D-P antisera. The DNA homology values were higher to the 
43 
Table 5. Complement fixation tests performed on the same cultures as in 
Tables 3 and 4 after they had been adapted to M87 medium 
Antisera 
Antigens C(859) 0(TC5) 0(8) P(TC3) 
C-0 
33F - - 256 -
E78 64 64 - 32 
TC5 128 128 - 64 
859 128 128 8 128 
D-P 
8 ~ - 128 
TC3 lyophyl 64 64 16 32 
TC3 128 128 4 64 
DD 128 128 64 128 
DD-clone with 
small periphery 8 4 128 2 
DD-clone with 
large periphery - - 128 
C-0 strains than the D-P also. The culture was recloned and the two 
colony types were tested in CF tests (Table 5). The colony with the large 
periphery was the original clone and was used for reisolation of pure DMA. 
The fluorescent antibody tests were in agreement with the CF tests in 
most reactions (Tables 1 and 2). The FA test was more sensitive to minor 
cross reactions than the CF test. Among the C-0 and D-P strains the only 
major discrepancy was with strain DD which as mentioned above had become 
contaminated. It reacted strongly to C and 0 antiserum which it had not 
done in CF tests. 
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GC Content 
The thermal denaturation temperature (Tm) of the eight organisms was 
79.7° to 80.9° and the mean T was 79.6°C to 80.6°C. The percent GC was 
25.0 to 28.9%. The average GC for the C-0 strains was 27.2% and the 
average for the D-P strains was 26.4%. Strain 594B had a higher GC con­
tent than the other D-P organisms, 28.2%. These values are about 2% lower 
than those found by Kelton and Mandel (1969) for other C and D strains 
(29-30.5% for D and 28.0-28.5% for C) using buoyant density determina­
tions. Those experiments which were repeated were reproducible to within 
2% GC. 
The thermal transition curves displayed skewness to the left (nega­
tive values) meaning there were more AT rich regions. Strain E78, how­
ever, had a positive skewness of 1.06. No distinction between the two 
serotypes can be made from the skewness. Kurtosis values were 4.28 to 
8.91 which is higher than the value of a normal distribution curve which 
is 3.0. This indicates that more molecules of DNA melted near the mean T 
than one would expect. Perhaps this could be a characteristic of less 
complex mycoplasmal DNA since the kurtosis values of various bacterial 
species in Krieg's studies (1968) were 4.8 to 5.2. The percent hyper-
chromicity of all the DNA except for 33F was normal, meaning that the 
optical density increase during denaturation was 40% or more. The 33F DNA 
could have been partially denatured to begin with. These parameters are 
shown in Table 6. 
Table 6. Thermal denaturation temperature (Tm) and other parameters of the thermal transition 
curves of DMA 
Mean denatur- Std. % Hyper-
Strain %GC Tm ation temp. deviation Skewness Kurtosis chromicity 
C-0 
859 28.87 81.20 79.61 3.65 -0.86 4.28 49.07 
TC5 26.27 80.14 80.60 2.85 -1.15 8.33 40.56 
E78 26.25 80.13 80.57 2.28 1.06 5.30 41.62 
TC3 27.57 80.67 79.78 3.58 -1.85 8.00 44.01 
D-P 
8 25.02 79.63 80.00 2.81 -0.68 7.43 41.01 
DD 25.82 79.95 79.95 3.06 -0.62 7.26 42.76 
33F 26.71 80.32 80.59 3.12 -1.50 8.91 25.39 
594B 28.19 80.92 80.60 4.05 -0.69 7.26 44.35 
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DNA Hybridizations 
Percent homology 
Hybridization results confirmed the relationships observed in the CF 
and FA tests. Strain 33F was closely related to the D-P strains and only 
moderately related to the C-0 strains; TC3 was closely related to the C-0 
strains and only moderately related to the D-P strains. The results with 
TC3 were not normal, however, as will be discussed further. These two 
strains will be referred to as belonging to new serotypes. The percent 
homology values from all the experiments with the average and the standard 
error of the mean are expressed in Tables 7-14. Strains in the C-0 sero­
type excluding TC3 had homology values from 88 to 105% with an average of 
96.2 ± 3.0% at 56°C and from 80 to 98% with an average of 87.7 + 2.7% at 
66°C (Table 15). The strains in the D-P serotype including 33F had 
homology values from 71 to 110% with an average of 91.1 ± 2.8% at 56°C and 
values from 77 to 128% with an average of 92.0 ± 4.5% at 66°C, The values 
did not decrease as expected at the higher temperature, and in some ex­
periments they increased (Tables 11, 12 and 13). One reaction between 
radioactive DNA from strain 8 and cold DNA from strain DD, was done only 
once and thus the high value of 128% is not as accurate as some of the 
other values which were averaged from two or three experiments. The DD 
culture was found to be contaminated half-way through the experiments and 
the early experiments were done using the contaminated DNA. Experiments 
using membrane-bound pure DD DNA were done only once in most cases. How­
ever, the increase in homology values at the higher temperature occurred 
between 33F and 594B DNA and between radioactive DD DNA and cold 8 and 
Table 7. Percent homology values from three experiments at 56°C and 66°C using radioactive DNA 
from strain 859 
55°C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
TC3 77.4 85.8 75.6 79.9±3.5® 50.0 56.4 47.9 51.4±2.6 
TC5 109.2 121.9 84.2 105.1+11.1 99.6 101.5 64.5 88.5±12.0 
E78 87.3 96.2 79.7 87.7±4.8 93.8 85.0 83.0 87.3+3.3 
33F 32.4 41.6 34.0 36.0+2.8 15.1 19.4 10.7 15.1+2.5 
8 30.7 40.5 32.2 34.5+3.0 21.6 19.4 16.7 19.2±1.4 
DD 21.7 nd^ nd 21.7 nd nd nd nd 
594B 40.8 50.6 44.7 45.4+2.8 26.9 31.0 27.6 28.5±1.3 
^Average percent expressed as ± one standard error of the mean. 
^Not determined. 
Table 8. Percent homology values from three experiments at 56°C and 66°C using radioactive DNA 
from strain TC5 
56°C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 74.9 103.1 103.3 93.8+9.4* 69.1 92.1 104.8 88.7±10.4 
TC3 78.3 112.1 51.9 80.8+17.4 65.6 75.6 40.6 60.6±10.4 
E78 93.9 75.3 111.0 93.4±10.3 81.1 61.5 108.9 83.8±13.8 
33F 26.8 44.2 47.3 39.4±6.4 11.7 16.7 17.7 15.4+1.8 
8 33.1 42.2 31.0 35.4±3.4 19.0 13.5 26.1 19.5+3.6 
DD 17.1 ndb nd 17.1 nd nd nd nd 
594B 38.1 56.6 41.1 45.3+5.7 25.6 26.8 28.8 27.1+0.9 
^Average percent expressed as ± one standard error of the mean. 
^Not determined. 
Table 9. Percent homology values from three experiments at 56°C and 66°C using radioactive DNA 
from strain TC3 
56°C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 128.0 137.9 128.3 131.4+3.2^ 139.3 160.7 161.4 153.8±7.2 
TC5 133.8 153.2 113.7 133.6+11.4 157.4 183.8 156.8 166.0+8.9 
E78 141.7 142.8 104.0 129.5+12.75 141.5 168.9 145.4 151.9+8.6 
33F 37.6 4-4.0 43.6 41.7±2.1 21.6 25.3 34.5 27.1±3.8 
8 44.4 46.9 40.4 43.9±1.9 23.6 27.9 30.9 27.5+2.1 
DD ndb 48.4 46.9 47.6±0.8 nd nd 25.3 25.3 nd 
59 4B 56.8 40.4 40.3 45.8+5.5 26.7 31,8 38.1 32.2+3.3 
^Average percent expressed as  ± one standard error 
^Not determined. 
of the mean. 
Table 10. Percent homology values from three experiments at 56°C and 66°C using radioactive DNA 
from strain E78 
56°C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 112.7 70.4 125.6 102.9+16.7* 85.8 40.6 113.3 79.9+21.2 
TC5 99.2 94.2 105.1 99.7±3.2 97.7 82.9 114.0 98.2+9.0 
TC3 79.8 96.2 92.3 89.4+4.9 88.1 79.5 73.0 80.2±4.4 
33F 46.5 39.6 36.4 40.8±3.0 24.3 20.6 16.4 20.4+2.3 
8 45.7 32.4 51.2 43.1±5.6 20.3 15.0 9.0 14.8+3.3 
DD 37.6 nd^ nd 37.6 nd nd nd nd 
594B 9.2 "11.5 45.2 22.0±11.6 8.6 23.1 31.9 21.2±6.8 
^Average percent expressed as ± one standard error of the mean. 
^Not determined. 
Table 11. Percent homology values from two experiments at 56°C and 66°C using radioactive DNA 
from strain 33F 
56°C 66°C 
Strain 
Experiment 
Average 
Experiment 
Average #1 #2 #3 #1 #2 #3 
859 36.4 34.3 nd* 35.4±1.0^ 12.3 13.6 nd 13.0+0.6 
TC5 39.8 40.1 nd 40.0±0.2 20.6 17.5 nd 19.0±1.6 
TC3 26.2 26.7 nd 26.4±0.2 12.1 8.2 nd 10.2+2.0 
E78 31.0 33.2 nd 32.1±1.1 13.6 11.7 nd 12.6+0.9 
8 112.1 89.3 nd 100.7+11.4 87.9 87.8 nd 87.8±0.1 
DD 87.4 rid nd 87.4 nd nd nd nd 
594B 87.1 86.5 nd 86.8±0.3 79.8 108.8 nd 94.3±14.5 
^Not determined. 
^Average percent expressed as ± one standard error of the mean. 
Table 12. Percent homology values from two experiments at 56°C and 66°C using radioactive DNA 
from strain DID 
56*C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 19.3 31.0 nd^ 25.2+5.8^ 13.7 15.0 nd 14.4+0.6 
TC5 26.8 33.8 nd 30.3±3.5 10.4 18.0 nd 14.2±3.8 
TC3 13.7 14.3 nd 14.0+0.3 9.2 0 nd 4.6±4.6 
E78 23.5 25.4 nd 24.4+0.9 10.6 8.5 nd 9.6±1.0 
33F 92.0 87.7 nd 89.8+2.2 68.5 93.8 nd 81.2+12.6 
DD 91.6 101.7 nd 96.6±5.0 128.2 nd nd 128.2 nd 
59 4B 84.5 94.3 nd 89.4+4.9 68.8 98.0 nd 83.4±14.6 
®Not determined. 
^Average percent expressed as ± one standard error of the mean. 
Table 13. Percent homology values from two experiments at 56°C and 66°C using radioactive DNA 
from strain DD 
56 66 °C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 30.7 37.5 nd^ 34.1+3.4b 17.0 28.2 nd 22.6±5.6 
TC5 26.4 42.7 nd 34.5+8.1 15.8 28.3 nd 22.0+6.2 
TC3 25.7 22.6 lid 24.2±1.5 12.1 16.2 nd 14.2+2.9 
E78 36.8 18.2 nd 27.5±9.3 23.6 12.5 nd 18.0±5.5 
33F 92.5 105.1 nd 98.8+6.3 86.8 110.8 nd 98.8±12.0 
8 74.8 93.8 nd 84.3+9.5 86.8 99.4 nd 93.1+6.3 
594B 70.4 71.9 nd 71.2+0.8 83.8 84.2 nd 84.0+0.2 
®Not determined. 
^Average percent expressed as ± one standard error of the mean. 
Table 14. Percent homology values from three experiments at 56°C and 66°C using radioactive DNA 
from strain 594B 
56°C 66°C 
Experiment Experiment 
Strain #1 #2 #3 Average #1 #2 #3 Average 
859 27.9 nd* 34.7 31.3+3.4b 16.2 nd 17.4 16.8+0.6 
TC5 13.6 25.7 49.4 29.6+10.5 9.2 12.2 21.8 14.4±3.8 
TC3 23.1 28.2 25.7 25.7±1.5 11.2 12.3 10.2 11.2+0.6 
E78 nd nd 32.6 32.6 nd nd 12.5 10.9 1+
 
0
 
CO
 
33F 74.3 97 .3  nd 85.8+11.5 85.4 75.0 71.2 77.2+4.2 
8 72.1 nd 112.6 92.4±20.2 82.1 nd 102.5 92.3+10.2 
DD 110.0 nd nd no.o nd nd nd nd 
®Not determined. 
^Average percent expressed as ± one standard error of the mean. 
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Table 15. Differences in percent homology values at the two temperatures 
C-0 56° C 66°C D-P 56*C 66°C 
859 96.2+3.0 87.7±2.7 33F 91.1+2.8 92.0±4.5 
TC5 8 
E78 DD 
594B 
C-0 with 
hot TC3 131.5+1.2 157.2±4.4 
C-0 vs. 
D-P 33.4±1.6 17.8+1.2 
C-0 with 
cold TC3 83.4+3.0 64.1±8.5 
594B DNA as well. It would appear that the C-0 strains are slightly more 
related at 56°C than the D-P strains but that some of the heterologous 
hybrids contain more mismatched bases and are therefore not formed at 
55°C as are the D-P heterologous hybrids. 
The DNA homology values for hybrids of two different serotypes ranged 
from 14 to 47% with an average of 33.4 ± 1.6% at 56°C and from 5 to 32% 
with an average of 17.8 ± 1.2% at 66°C (Tables 15 and 18). The reactions 
with strain TC3 hot DNA were consistently slightly higher (44.7%) than 
the average and the "reactions with cold TC3 DNA were consistently slightly 
lower (22.6%) than the average. The decrease in hybridization at the 
higher temperature was 16% compared to a decrease of 8.5% among the C-0 
hybrids and no decrease among the D-P hybrids. 
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Thermal stability 
The stability of the hybrids was determined by denaturing them and 
releasing radioactive DNA from the filters. Figures 1-6 show the elution 
of radioactivity with increasing temperature. The curves are similar to 
curves obtained when optical density increase is plotted against tempera­
ture increase in the thermal denaturation of native DNA. These results 
are not as accurate as those obtained by spectrophotometric analysis, but 
the difference between the melting points of homologous and heterologous 
hybrids (ATm) can be determined. The Tm of the homologous hybrids was 
74.0°C to 76.3°C and that of heterologous hybrids was 0 to 2.0°C lower for 
hybrids of the same serotype, and 2.5 to 6.5°C lower for hybrids of dif­
ferent serotypes. The relationship between homology and ATm was plotted 
and the slope of the line which was drawn by least squares analysis was 
rc lowering of Tm for every 15% lowering of homology (Figure 7). The 
relationship found by Anderson and Ordal (1972) and Johnson (1973) for 
anaerobic bacteria and marine vibrios was TC lowering of Tm for every 5% 
lowering of homology. This indicates that the mycoplasma hybrids were 
more stable. The thermal elution profiles of the hybrids which were least 
related to the homologous DNA sometimes appeared to be almost straight 
lines rather than curves. The number of counts per minute on these fil­
ters was as low as 200 and when divided by eleven temperatures did not 
allow for much difference in counts released at each temperature. A non­
specific release of membrane-bound DNA is probably occurring also, so that 
some radioactivity is released without denaturing the DNA. 
Figure 1. Thermal elution profiles of hybrids with radioactive 859 
DNA expressed as percent of radioactivity released from 
filters with temperature. The Tm (50% elution) is 859, 
76.3°C; TC5, 76.3°C; TC3, 74.8°C; 8, 73.6°C. 
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Figure 2. Thermal elution profiles of hybrids with radioactive 859 
DNA expressed as percent of radioactivity released from 
filters with temperature. The Tm (50% elution) is 859, 
75.8°C; E78, 75.4°C; 33F, 72.7°C. 
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Figure 3. Thermal elution profiles of hybrids with radioactive 8 
DNA expressed as percent of radioactivity released from 
filters with temperature. The Tm (50% elution) is 8, 
74.8°C; 859, 72.5°C; E78, 70.3°C; 33F, 73.TC. 
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Figure 4. Thermal elution profiles of hybrids with radioactive 8 
DNA expressed as percent of radioactivity released from 
filters with temoerature. The Tm (50% elution) is 8, 
74.8*C; TC5, 70.6°C; TC3, 68.3°C; 594B, 73.6°C. 
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Figure 5. Thermal elution profiles of hybrids with radioactive 594B 
DNA expressed as percent of radioactivity released from 
filters with temperature. The Tm (50% elution) is 594B, 
74.0°C; 859, 68.3°C; 8, 73.2°C; TC5, 71.0°C. 
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Figure 6. Thermal elution profiles of hybrids with radioactive 594B 
DNA expressed as percent of radioactivity released from 
filters with temperature. The Tm (50% elution) is 594B, 
74.0°C; TC3, 58.0°C; E78, 69.9°C; DD, 73.4°C. 

Figure 7. Relationship between percent homology and Aim in °C of hybrids based on data of Figures 
1-6. ATm was -1.0°C for every 5% homology less than 100%. 
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Reciprocal experiments 
The percent homology values for reciprocal experiments were within 
10-15% of each other in almost all the relationships (Tables 16, 17, and 
18). If the average reciprocal values are found for each organism, the 
differences are smaller. The values with TC3 were again an exception. 
Since the standard error of the mean on the average of some experiments 
was as high as 10-15%, the differences in reciprocal relationships cannot 
be interpreted as due to differences in genome size as Peterson and 
Pollock (1969) postulated A. laidlawii A and B when they found a differ­
ence of 15% in reciprocal experiments. The homology values from recipro­
cal experiments were multiplied to give relatedness values which are shown 
in Table 19. The closest relationships according to the relatedness 
values were between TC5 and 859, TC5 and E78, and 8 and 33F. The least 
related organisms were DD and 859, DD and TC5, 594B and E78, and 8 and 
TC3. Since membrane-bound pure DD DNA was compared only once to the 
radioactive DNA from most of the other strains, the low values obtained 
were not as valid as values obtained in the other hybridizations in which 
several experiments were done. 
Interaction values 
Interaction values were figured for strains within each serotype 
according to the method of Somerson et al. (1967). The average cpm from 
all the experiments at 56°C between any two organisms were compared as 
shown in Tables 20 and 21. The mean cpm for each row and each column were 
calculated and the expected cpm for each value were obtained by multi­
plying the row mean x the column mean for that value and dividing by the 
Table 16. Percent homology values from reciprocal experiments between the C-0 strains at 56°C 
and 66°C 
859 TC5 TC3 
859-TC5 
8593 TCEf 
TCSb 859b 
56°C 
66°C 
105.1 
88.5 
88.5 
88.7 
859-TC3 
859® TCS^ 
TCSb 859b 
TC5-TC3 
TC5a TCe^ 
TCSb TCSb 
56°C 
66°C 
79.9 
51.4 
131 .4 
153.8 
859-E78 
859* E78a 
E78b 859b 
80.8 
60 .6  
133.6 
166.0 
TC5-E78 
TCSa E78^ 
E78b TC5b 
TC3-E78 
TC® E783 
E78b TC3b 
56°C 
66°C 
87.7 
87.3 
102.9 
79.9 
93.4 
83.8 
99.7 
98.2 
129.5 
151.9 
89.4 
80.2  
^Radioactive DMA. 
^Membrane-bound DMA. 
Table 17. Percent homology values from reciprocal experiments between the D-P strains at 56°C 
and 66°C 
33F 8 DD 
33F-8 
33F a 
33Fb 
jga 
56°C 
66°C 
100.7 
87.2 
89.8 
81.2 
DOb 
33Fa 
33F-DD 
33Fb 
DOa 
DOb 
83 
8-DD 
8b 
DD* 
56°C 
66°C 
87.4 
n.d. 
98.8 
98.8 
96.6 
128.2 
84.3 
93.1 
33F-594B 
33F9 594B® 
594Bb 33Fb 594Bb 
8® 
8-594B 
8b 
594B® 
DD-594B 
. DD^ 5948^ 
594B° DOb 
56°C 
66°C 
86.8 
94.3 
85.8 
77.2 
89.4 
83.4 
92.4 
92.3 
71.2 
84.0 
110.0 
n.d. 
Radioactive DNA. 
Membrane-bound DNA. 
Table 18. Percent homology values from reciprocal experiments be­
tween strains of C-0 and D-P serotypes at 56°C and 66°C 
859 TC5 
859-33F TC5-33F 
859* 33F^ JC5^ 33F^ 
33Fb 859b 33F^ TCSb 
56°C 36.0 35.4 39.4 40.0 
66°C 15.1 13.0 15.4 19.0 
859-8 TC5-8 
859® 8® TC5® 8® 
8^ 859b 8b TC5b 
56°C 34.5 25.2 39.4 30.3 
66°C 19.2 14.4 15.4 14.2 
859-DD TC5-DD 
859* DD® TCSa DD^ 
DDb 859b DOb TC5b 
56°C 21.7 34.1 17.1 34.5 
66°C n.d. 22.6 n.d. 22.0 
859-5948 TC5-594B 
859^ 59469 TC&a 59463 
5948b 859b 5948b TCSb 
56°C 45.4 31.3 45.3 29.6 
66°C 28.5 16.8 27.1 14.4 
^Radioactive DMA. 
k 
Membrane-bound DNA. 
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TC3 E78 
TC3-33F E78-33F 
TC3® , 33F^ E78a 33Fa 
33Fb TC5° 33Fb E78b 
41.7 26.4 40.8 32.1 
27.1 10.2 20.4 12.6 
TC3-8 E78-8 
TC3a 8^ E78a 8^ 
8° TCSb gb E78b 
43.9 14.0 43.1 24.4 
27.5 4.6 14.8 9.6 
TC3-DD E78-DD 
TC3^ DD3 E78a DOa 
DD^ TC3b DDb £78^ 
47.6 24.2 37.6 27.5 
25.3 14.2 n.d. 18.0 
TC3-594B E78-594B 
TC33 ^594B- 278* 59485 
594Bb TC3b 5946% £78^ 
45.8 25.7 22.0 32.6 
32.2 11.2 21.2 11.7 
Table 19. Relatedness values between all the strains at 56°C and 66°C calculated by multiplying 
the percent homology values from reciprocal experiments 
C-0 D-P 
C-0 859 TC5 E78 TC3 33F DD 
TC5 56°C .95 
66°C .78 
E78 56°C .90 .93 
66°C .70 .82 
TO 3 56°C 1.05 1.08 1.16 
66°C .79 1.00 1.23 
D-P 
33F 56°C .13 .16 .13 
66°C 
.02 .03 .03 
8 56°C .09 .12 .10 .06 .90 
66°C .03 .02 .01 .01 .71 
DD 56°C .07 .06 .10 .12 .86 .81 
66°C nd nd nd .04 nd 1.19 
594B 56°C .14 .13 .07 .12 .74 .83 .78 
66°C .05 .04 .02 .04 .73 .77 nd 
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Table 20. Interaction values between strains of D-P serotype 
33F 8 DD 594B Row means 
33F* 0^ 1092.8 1110.0 955.1 948.5 1026.6 
E^ 984.9 1079.1 1084.2 958.0 
1.11 1.03 0,88 0.99 
8* 0 1575.6 1754.6 1694.9 1568.6 1648.4 
E 1581.5 1732.7 1740.9 1538.2 
I 1.00 1.01 0.97 1.02 
DD® 0 1037.7 1216.2 1231.0 876.5 1090.4 
E 1046.1 1146.2 1151.6 1017.5 
I 0.99 1.06 1.07 0.86 
594B* 0 1095.2 1179.5 1404.1 1276.5 1238.8 
E 1188.5 1302.2 1308.3 1156.0 
I 0.92 0.91 1.07 1.10 
Column 
means 1200.3 1315.1 1321.3 1167.5 
Grand mean 
1251.1 
^Radioactive DNA. 
^0 = observed mean cpm. 
""E = expected cpm. 
= interaction value. 
grand mean. The observed cpm were divided by the expected cpm to give a 
ratio close to 1.00. Although a 95% confidence interval was not statis­
tically determined from the means, the degree of closeness of the strains 
can still be differentiated. Among the D-P strains 8 and 33F had values 
of 1.03 and 1.00 and could be considered indistinguishable by the stand­
ards of Somerson and coworkers (1957). Strains DD and 8 had values of 
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Table 21. Interaction values between strains of C-0 serotype 
859 TC5 E78 TC3 Row means 
859* o'^ 570.4 599.5 500.2 455.7 531.4 
E^ 560.6 567.1 536.6 464.0 
id 1.02 1.06 0.93 0.98 
TC5® 0 256.1 273.0 255.0 220.6 251.2 
E 265.0 266.8 253.7 219.4 
I 0.97 1.02 1.01 1.01 
E78* 0 1234.0 1195.6 1199.2 1072.1 1175.2 
E 1239.7 1248.1 1186.8 1026.2 
I 0.99 0.96 1.01 1.04 
TC3* 0 638.7 649.4 629.5 486.1 600.9 
E 633.9 638.2 606.8 524.7 
I 1.01 1.02 1.04 0.93 
Column 
means 674.8 679.4 646.0 558.6 
Grand mean 
639.7 
^Radioactive DNA. 
^0 = observed mean cpm. 
= expected cpm. 
= interaction value. 
0.97 and 1.05 and were close to being identical. None of the other re­
ciprocal interaction values approached identity. Strain 594B was the 
least related to the other strains, confirming the difference observed in 
GC content. The closeness of 8 and 33F was indicated in the relatedness 
value also. Among the C-0 strains TC5 and E78 with values of 0.96 and 
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1.01 were the closest related and strains TC5 and 859 with values of 1.06 
and 0.97 were very close. TC3 had values close to 1.00 with all the 
strains, but only 0.93 with itself which reflects the unusual reactions 
observed. 
Competition experiments 
Competition experiments were performed several times with the results 
always being higher than results obtained in regular hybridization ex­
periments as shown in Table 22. The percent homology was calculated from 
100-% homology with heterologous inhibitor „ npn «v. 100-40.6 „ mn _ 
100-% homology with homologous inhibitor 100- 9.2 
11^  x 100 = 65.4% 
for 859 and 8. The results from straight hybridizations averaged 34.5% 
and 25.2% in reciprocal experiments. Since the competitor DNA was at such 
a low concentration (750 ug/ml) that it had to be added in 0.1 ml volume, 
the increase in volume (10%) to each vial could have decreased the hybrid­
ization nonspecifically. Controls would have been tested if there had 
been enough concentrated competitor DNA to allow extensive experiments to 
be performed. 
Table 22. Percent homology values obtained in a competition experiment 
Membrane 
DNA Hot DNA 
Competitor 
DNA CRM 
Reduction in 
homology 100-• reduction % homology 
8 8 1295. 2 100 
8 8 8 124. 1 9.2 90.8 
8 8 859 526. 3 40.6 59.4 65.4 
8 8 TC3 677. 5 52.3 47.7 52.5 
8 8 594B 175. 4 13.5 86.5 95.2 
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DISCUSSION 
The relationship between four C-0 and four D-P strains of avian 
mycoplasma was 33.4 ± 1.6% at 56°C and 17.8'+ 1.2% at 56°C. The ATm of 
heterologous hybrids was found to be -1.0°C for every 15% homology below 
the homologous hybrid. If every -1.0°C ATm represents 1% unpaired bases 
in a hybrid sequence as was found for bacteria (Brenner, 1973), then these 
mycoplasma hybrids had 1% unpaired bases for every 15% lowering of homol­
ogy. Bacterial hybrids have shown 1% unpaired bases for every 5% lower­
ing of homology (Johnson, 1973). Thus mycoplasmal hybrids are more stable 
than their percent homology would indicate. Perhaps homologies between 
mycoplasma cannot be evaluated by the standards which have been demon­
strated for bacteria. A 33% homology value would be typical for inter­
species relationships between bacteria, or sometimes between species of 
different genera in the Enterobacteriaceae. Considering that two species 
of avian mycoplasma, M. qaliinarum and M. gallisepticum were only 1=3% 
related and some strains of M. hominls were only 40% related, serotypes 
C-0 and D-P are almost close enough to be considered one taxon. The 
problem of combining them arises if one decides to follow this precedent 
with the B and E-G serotypes which are probably also about 30% related 
but which contain M. gallinarum and M. iners. M. anatis, a duck strain, 
was also related to B strains in MI tests (Barber and Fabricant, 1971c). 
A serotype containing three species would indicate that the naming of 
mycoplasma species is faulty. Mycoplasma have been classified by the 
species of animal in which they are found, but some relationships have 
been shown between strains from different animal hosts. Since many 
80 
species were named in the 1950's before many strains had been isolated, it 
may be that the species names do not represent unique organisms. Edward 
et al. (1972) defined criteria for naming new species of mycoplasma. 
Antigenically a new species should be different from all other species 
which share the same habitat and/or the same general biochemical proper­
ties. Since anatis has a different habitat from gallinarum and 
iners and since the last two can be distinguished in tetrazolium reduction 
and growth at pH 9.5, they appear to fit the criteria for distinct spe­
cies. Thus, if the subcommittee on the taxonomy of Mycoplasmatales or the 
members of the FAQ/WHO programme on comparative mycoplasmology were to 
decide that serotypes C-O-D-P and B-E-G should be considered two groups 
instead of four, should the uniqueness of the three species be recognized? 
It does not seem that two biochemical tests should be the basis of dif­
ferentiating M. qallinarum and M. iners since they are both nonpathogens 
of poultry. Since only one strain of M. anatis has been isolated, the 
uniqueness of this organism could be questioned also. At the present time 
there are actually two methods of classifying mycoplasma, one being serol­
ogy and the other being species names proposed by an investigator. If 
everyone who isolated a mycoplasma tried to name it, the classification 
scheme would break down. 
Two strains were found to be classified in the wrong serotype accord­
ing to their reactions in CF and FA tests and in DNA hybridization tests\ 
The classification of strain 33F in the D-P serotype rather than the C-0 
serotype is not difficult to justify since Barber and Fabricant (1971b) 
had not tested it serologically and biochemically it fit in the D-P group 
as well or better than in the C-0 group. For example, it was the only C-0 
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strain to grow at pH 5.5 whereas four D-P strains grew at that pH, and it 
grew at pH 9.5 also which was characteristic of more D-P strains than C-0 
strains. In carbohydrate fermentation tests strain 33F was one of only 
three out of twenty-one C-0 strains which fermented only dextrose and 
saccharose while half the D-P strains fermented only those two sugars. 
Strain lllR which reacted almost identically to strain 33F in CF and FA 
tests had similar biochemical characteristics and should also be classi­
fied in the D-P serotype rather than the C-0. Barber and Fabricant had 
stated that biochemical characterizations were only preliminary methods of 
classification. 
The D-P strain which should be reclassified as a C-0 strain was TC3. 
However, the results of CF and FA tests do not agree with the results of 
MI tests (Barber, 1969). Barber tested TC3 against D strains TC8N, R85A, 
and SP-TC3 and found strong cross inhibition reactions. In CF tests in 
our laboratory (Table 1) there were low titered cross reactions between 
these strains but most of our D strains did not react. When Barber tested 
TC3 against TC5 and other C strains he found no reaction, but when we 
tested TC3 against TC5 and some different C strains, they all reacted. 
The difference may be due to the different strains used except for TC5. 
In DNA hybridization experiments TC3 was much closer related to the C-0 
strains 859, TC5, and E78 than to the D-P strains 33F, 8, DO, and 594B. 
Biochemically TC3 belonged in the D-P serotype more than the C-0 because 
it reduced tetrazolium (Barber, 1959), although a few C-0 strains reduced 
tetrazolium weakly, so it could not be excluded from the C-0 group. 
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The DNA homology results with strain TC3 are puzzling. Radioactive 
TC3 DNA did not hybridize as well with membrane-bound TC3 DNA as it did 
with membrane-bound 859, TC5, or E78 DNA. The possibility that the radio­
active DNA was contaminated with DNA from other organisms was eliminated 
by reisolating radioactive DNA from a lyophilized culture of TC3 which was 
previously tested in CF and found to react the same as the high passage 
TC3 culture (Table 5). The hybridization results were the same. If both 
the filtered TC3 and the radioactive TC3 were mixed cultures, then the 
results should have been inconsistent from one experiment to another and 
the radioactive TC3 should not have reacted more with filtered TC5, 859, 
and E78 DNA. At the higher temperature of incubation {66°C) the hybridi-
ture relative to the hybridization with the other C-0 strains, thus giving 
higher homology values (Table 9). This indicates that the filtered DNA 
was somehow inhibiting annealing. Filtered TC3 DNA had lower homology 
values than expected when hybridized with all the other DNA. The amount 
of DNA on TC3 filters was about 12 yg which was only slightly below the 
average of 13.2 yg, and not enough to cause such a decrease in hybridiza­
tion. The DNA could have been more fragmented, i.e., lower molecular 
weight than the DNA isolated from the other strains= During the purifica­
tion procedures some of the DNA was denatured and was lost as a white 
precipitate. In fact the first isolation attempt resulted in all the DNA 
being lost. The TC3 organism appeared more fragile than the others be­
cause it formed long filaments and large vacuolated cells during growth, 
especially when grown in large volume. Maybe the isolation procedures 
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were too harsh for the organism and for its DNA. If the molecular weight 
of the pure TC3 DNA was much lower than that of the other DNA's perhaps it 
would not adhere to the filters as well and would wash off after incuba­
tion at 56°C and 66°C. The amount of DNA on the filters after counting 
was not determined because it was felt that depending on the degree of 
hybridization an undetermined amount of DNA would be added to the filters. 
The molecular weight of the DNA of all the strains should have been de­
termined and then it should have been reduced by slight sonication and 
experiments performed with the lower molecular weight to compare the 
amount of hybridization. 
The argument that reduced hybridization with filtered TC3 DNA was due 
to its fragmentation may be valid for some effect on the kinetics of 
annealing. However, the theory that the hybrids washed off the filters 
during incubation may not be valid because when the thermal denaturation 
experiments were performed on the filters with TC3 DNA, the melting point 
of those hybrids was in proportion to the percent homology shown, thus 
indicating that those hybrids actually contained the same proportion of 
unpaired bases as other hybrids and that the lower homology values were 
due to lack of homologous sequences rather than to a release of radio­
activity from the filters before counting. In conclusion, the filtered 
DNA of TC3 did not hybridize as well with any DNA including its own as did 
the filtered DNA from the other seven organisms. A distinction between 
hybridization with the D-P DNA and the C-0 DNA was still obvious, however. 
The thermal transition curve of TC3 DNA was similar to that of the 
DNA from the other strains. The skewness value was the most negative for 
TC3 indicating more AT rich regions, but this difference was not out-
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standing. The hyperchromicity was normal indicating that the native DNA 
was not denatured, i.e., it went from a completely double stranded state 
to a completely single stranded state during thermal denaturation. The 
uniqueness of this organism cannot be completely explained by serological 
or DNA homology tests apparently. The possibility that a mutation 
occurred between the time Barber tested the strain in MI tests and Frey 
et al. (1972) tested it in CF tests exists. The possibility of a mixed 
culture cannot be eliminated, either, even though it reduced tetrazolium 
as it had in Barber's tests and distinct colony types could not be iso­
lated morphologically. Biochemical analysis of the membrane lipids would 
perhaps define any unusual properties of this organism. Hybridization 
data cannot define unique biochemistry of an organism, they can only indi­
cate degrees of divergence from other organisms. Serological tests cannot 
supply information on how antigens differ, either. 
The relationships between the strains within each serotype were very 
close, being over 90% average for each serotype. Individual relationships 
varied from 70-110% and the standard deviation on the homology values from 
different experiments was sometimes 17%. Statistical variability would 
not have been as large if each experiment had been performed two or three 
more times. The standard error of the mean for average homology values 
between all the strains of one serotype were much lower, ±3-4% (Table 15). 
The standard error of the mean for the average of three experiments was 
much higher where strains within one serotype were compared than where 
strains of two serotypes were compared. Out of ninety-nine relationships 
which were compared at least twice, the standard error of the mean was 
>10% in twenty of those relationships and eighteen of those were between 
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strains of one serotype. Two thirds of those eighteen standard errors 
over 10% were for C-0 relationships. The variability did not seem to be 
due to higher counts per minute because the specific activity of DNA from 
D-P strains was higher than that from C-0 strains. Variability could have 
been due to protein contamination of the DNA, both radioactive and fil­
tered, different concentrations of DNA in each solution of DNA which was 
filtered, and different amounts of DNA on each mini-filter cut from the 
large filters. This variability would be magnified when closely related 
DNA's were hybridized because of the greater amount of DNA which annealed. 
Since the relationships depended on the amount of hybridization on the 
filters with homologous DNA, any variability in those reactions altered 
the homology values of all the other seven strains. For this reason, 
competition experiments might have been more reproducible, although the 
concentrations of the competitive DNA were difficult to determine exactly. 
As was stated in the literature review, the purpose of DNA homology 
data in taxonomy is to establish new taxa, compare relationships between 
taxa, identify atypical strains, classify poorly studied groups, and 
change existing classification. This study has compared taxa (serotypes), 
identified three organisms which were not properly classified, and pro­
posed a possible change in the classification. Serotypes C-0 and D-P 
could be combined based on biochemical, serological, and DNA homology 
data. The B and E-G serotypes could also be combined based on biochemical 
and serological data. The fact that two named species M. qallinarum and 
M. iners are in the B and E-G serotypes seems to pose a problem. However, 
the criteria for the characterization of new species of Mycoplasmatales 
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defined by Edward and coworkers (1972) would preclude the separation of 
two organisms as closely related as M. gallinarum and M. iners into two 
species today. The serological classification scheme should take prece­
dence over the early classification scheme and the scheme used for bac­
teria which have more defined biochemical characteristics. The serotypes 
of avian mycoplasma could thus be changed to A, B-E-G, C-O-D-P, F, H, L, 
I-J-K-N-Q-R, and S. The species names M. gallisepticum (A), 
meleagridis (H), and M. synoviae would be retained and perhaps species 
names will someday be given to each serotype. In that case, serotype B-EG 
would be named M. gallinarum since this was the earliest name. 
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SUMMARY 
Eight strains of avian mycoplasmas belonging to serotypes C-0 and 
D-P were compared in DNA-DNA hybridization tests using the membrane filter 
technique of Denhardt (1966). The four organisms in the C-0 serotype were 
96.2 ± 3.0% related at 56°C and 87.7 ± 2.7% related at 56°C. The D-P 
organisms were 91.1 + 2.8% related at 56°C and 92.0 ± 4.5% related at 
66°C. Strain 33F which had been classified as a C-0 organism by biochemi­
cal tests (Barber, 1969) v/as shown to belong in the D-P serotype by com­
plement fixation, fluorescent antibody, and DNA hybridization tests. 
Strain TC3 which had been classified as a D-P organism by growth inhibi­
tion tests (Barber and Fabricant, 1971c, Dierks et al., 1967) was found to 
be closer related to C-0 strains in CF, FA, and DNA hybridization tests. 
I propose that these two organisms should be reclassified. 
The four strains in serotype C-0 859, TC5, E78, and TC3 were 33.4 ± 
1.6/0 related to the four strains in serotype D-P, 33F, 8, Dlw and 594B at 
56*C. The homology decreased to 17.8 ± 1.2% at 66°C. The number of mis­
matched bases in the heterologous hybrids was determined by calculating 
the denaturation temperature of the hybrids. The Tm was 1°C lower for 
every 15% difference in hybridization compared to the homologous hybrids. 
This represented approximately 1% unpaired bases. 
The DNA hybridization results correlated with the serological cross 
reactions observed in complement fixation and fluorescent antibody tests. 
Many of the twenty-one C-0 and D-P antigens tested demonstrated CF titers 
of 1:8 to 1:32 and FA titers of 1:2.5 to 1:10 when tested against anti­
serum of the opposite serotype. Strains in the B and E-G serotypes were 
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also compared in CF and FA tests and cross reactions similar to those 
between the C-0 and D-P strains were seen. 
Based on biochemical and serological reactions from twenty-one organ­
isms and DNA homology values obtained from eight organisms, the two sero­
types C-0 and D-P could be combined into one serogroup. The serotypes B 
and E-G could also be combined into one serogroup based on results of bio­
chemical and complement fixation and fluorescent antibody tests. The two 
named species in these serotypes would have to be eliminated or combined. 
Someday each serotype or serogroup of avian mycoplasma might be given a 
species name so that the taxonomy would correlate better with the taxon­
omy of human mycoplasmas and other genera of bacteria. 
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